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INTRODUCTION. 



There exists no specittl work on Loco- 
motive Engines. Two writers, Wood anA 
Tredgold,* have indeed, in England, slightly* 
touched upon that matter, but only in a subj 
ordinate manner, in treatises on railways'! 
and, besides, they both wrote at a tima 
when the art was scarcely beyond its birtlw 
Consequently their ideas, their calculationi^ 
and even the experiments they describe, havd 
hardly any relation to the facts which actu- 
ally pass before our eyes, and can be of nd 



* * A Practical Treatise on Railroads, and Interior Communis 
cation in general, by Nicholas Wood.' 1st edition, London, 182^ 
2d edition, London, 1832. 

' A Pi'actical Treatise on Railroads and Carriages, byTbomfll| 
Tredgold.' London, 1825. 
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use to such as wish to 



acquire a knowledge 
employ on ra: 



of these engines and thi 
ways. 

Many questions had not even been entered 
into, others had been solved in a faulty 
manner. New researches on the subject be- - 
came therefore indispensable. This work 
will, in consequence, be found completely 
different from anything that has been pub- 
lished hitherto. No facts will be quoted, 
but such as result from actual observa- 
tion ; no experiments related, but those | 
made by the author himself, on a new plan,' , 
and with new aims ; finally, no theory ex-' 
posed, but such as is derived from those 
experiments. 

If at first sight it appear astonishing, that 
no theory of Locomotive Engines should 
exist, the surprise ceases on considering that 
the theory of the steam-engine itself, taken in 
general, has not yet been explained. It was 
natural to suppose, that, respecting a machine . 
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at present in such universal use, and on a 
subject of such importance, everything had 
been said, and every explanation given long 
ago. Far from this being the case, however, 
I not even the mode of action of the steam 
these engines has been elucidated. In 
the absence of such indispensable knowledge, 
all theoretical calculations were impossi- 
ble. Suppositions were put in the place 
of facts. In consequence, we have seen 
very able mathematicians propose, on the 
motion of the piston in steam-engines, ana- 
lytical formulae, which would certainly be 
exact, if all things went on in the engine 
as they suppose ; but which not being 
founded on a true basis, fall naturally to 
the ground, in presence of facts. From 
this also results that, in practice, the pro- 
portions of the engines have only been deter- 
mined by repeated trials, and that the art 
of constructing them has proceedetl hitherto 
in the dark, and by imitation. 
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Engines being first of all 
steam-engines, we cannot advance in the 
researches we undertake, without aolving at 
the same time the question relating to steam- 
engines in general. There is even a remark- 
able point to be observed, which is, that of 
all sorts of steam-engines, locomotive ones 
are those which in their application have to 
overcome the least complicated resistance, 
and the most susceptible of a rigorous appre- 
ciation. This circumstance renders them 
therefore more proper than any others, forw 
furnishing an explanation of general, facts 
common to all those machines. The theory/ 
once satisfactorily established in regard to 
Locomotive Engines, will, of course, apply 
equally to all sorts of steam-engines, and 
more especially to those which, like locomo- 
tive ones, work at a high pressure. 

We flatter ourselves, therefore,, that our 
researches, although apparently confined to 
Locomotive Engines, may at the same time 
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illustrate the principal points of the theory of 
steam-engines in general. 

However, in order to indicate clearly the 
design of this work, and to show in what it 
differs from those that have preceded it, we 
think proper to enter here into some parti- 
culars as to the points on which we have 
new researches to ofifer, either theoretical or 
experimental. It will be seen that those 
points embrace nearly the whole subject. 

The pressure of the steam in the boiler, 
' .had been till now considered as invariable 
in every engine. It was calculated once for 
all, and by approximation, according to the 
weight on the valva A great number of 
observations will show, however, how much 
it varies during the motion of the engine, 
and how necessary it is to take that circum- 
stance into consideration, aiid to make use 
of a more exact mode of determination, lea* 
the calculation should be entirely founded 
on an erroneous basis. 
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On that subject there will be found in our 
work, an alteration we propose making in 
the present disposition of the spring-balance* 
in order that it may show the true pres- 
sure ; and also the description of a portable 
instrument we suggest for superseding the 
mercurial gauge, and which may be adapted 
to any engine. 

The friction of the waggons was, until now, 
valued much too high. This error naturally 
rendered every calculation false, by mislead- 
ing with regard to the true resistance over- 
come by the engines. A great number of 
experiments on waggons, with or without 
springs, aJone or united in considerable 
trains, will show the real value of the friction. 

The resistance of Locomotive Engines was 
still an unsolved question. We have endea- 
voured to determine it by three different pro- 
cesses, which may serve to veriiy each other. 

The additional friction created in the 
engine by the load it draws, had never yet 
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been submitted to any investigation. We shall 
present numerous experiments on that subje 

The exact determination of" the pressui 
of the steam in the cylinder, was necessi 
to explain the mode of action of Lool 
motive Engines, as well as that of steal 
engines in general, and to calculate the woi 
they can perform in different circumstances. 
Tlie erroneous ideas admitted in that respect, 
were the origin of all the faulty calculation 
which experiment contradicted. We tn 
that the simple elucidation of that point will 
in a manner lay open the whole play of the 
engine. 

The evaporating power of the engines i 
an element on which no experiment had yet 
been made, which was not even introduced 
in the calculations, and on which, however, 
definitively depends the effect these engines 
are able to produce. Experiments made on 
that subject, upon a great number of engines, 
will be found in this work. 
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as a fourth part of its power. The effects of 
these dispositions, and in particular of that 
which is called the lead of the sUde, will be 
submitted to calculation, and the results veri- 
fied by special experiments. 

The resistance proper to the curves of the 

railway deserved also to fix our attention. 

I We shall endeavour to fix accurately the form 

I of the wheels, and the disposition of the rails, 

by which that resistance may most effectually 

be remedied. 

The consumption of fuel according to the 
load had not been determined in a satisfac- 
tory manner, and the rule proposed was con- 
tradicted by the experiment. This question 
will be established in a different manner, and 
the results confirmed by facts. 

The researches on those points were made 
on twelve different engines, and numerous 
experiments were undertaken on each branch 
of the subject. 

The method constantly followed con- 
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sists in taking, first, the primary elements of i 
L the question from direct experiment ; then '< 
■Hiaking use of those elements to establish 
. calculation in conformity with theoretical 
principles ; and, lastly, submitting the results 
to fresh and special experiments, in order to 
obtain their verification. For the further 
elucidation of the formulte, they are each , 
time carefully submitted to particular appli- 
cations, and, finally, to extend the use of the 
work to persons who may wish to find the | 
results without calculations, each of these 
formulte is followed by practical tables, 
suitable to the cases which occur the most j 
frequently in practice. ' 

It does not enter into the plan we have 
traced ourselves, to give an elaborate descrip- 
tion of the engine, nor the measures of its n 
different parts, except those necessary for \ 
the researches we undertake. Such consider- 
ations would lead us too far, and concern <' 
more particularly works on construction. In 
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like manner, the figures added to our work, 
illustrations of the text. 



are only meant 

would be too imperfect for any other 



They 

object. 

The untrodden path in which we have been 
forced to enter, may have led us into some 
error. We by no means pretend to have 
produced a perfect work, and we claim in- 
dulgence for the mistakes which may have 
escaped us in so new a subject. Our chief 
aim was to be useful, while seeking a study 
congenial to our taste, and occupying the 
leisure of an inactive life. Early devoted 
to other pursuits, belonging to a family for 
several generations engaged in the military 
career, and the son of a General of Artillery, 
whose footsteps had naturally traced our 
direction, our studies would not have taken 
that turn, had we not been struck by the 
powerful effects of the moter we are going 
to describe, and by the important part it 
must necessarily act in modern civilization. 
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We thought our work would at least have 
tliis result, to call the public attention on 
the subject. We shall feel happy if we have 
succeeded in some of our researches ; and 
happy also if others, in correcting our errors, 
shall at least elucidate the facts upon which 
we have called their attention^ 

All the experiments related in the work' 
were made by ourselves, with all the care and 
attention they required. Some were made| 
in company with engineers of known taleufci 
and ability, as Mr. J. Loke, of the Grand- 
Junction Railway, and Mr. King, of the 
Liverpool Gas- Works. We give them in alP 
their details, with a view that every one may 
judge of their accuracy ; and we mention the 
place and date of each experiment, in order 
to facilitate their verification by referring to 
the books, on which is registered the weight 
of each of the trains. 

In regard to the facility we had of making 
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these numerous experiments, we must say 
that, having applied to the heads of the 
moat important undertakings of the sort in 
England, we were permitted, without restric- 
tion, to penetrate into the workshops, to take 
every measure, to collect all the documents 
concerning the expenses, and lastly, to 
make any experiment that appeared necessary 
to us. 

It is with pleasure we acknowledge in 
the English character the liberality we have 
found in the whole course of our investiga- 
tions. 

To the friendship of Mr. Hardman Earle, 
one of the directors of the Liverpool and 
Manchester Railway, we owe in particular 
our warmest thanks. His obligingness never 
. abated. Possessing all the qualities of an 
^nlightened mind, he liked taking a part 
in researches which appeared to him con- 
ducive to the progress of science ; and he per- 
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mitted us to use all the engines and waggons 
of the railway. The beauty of these engines,, I 
their number, which is not less than thirty, 
the care with which they are kept, and the^ 
immense trade on that line, which gives the 
facility, without interfering with the business 
of the railway, to select loads for experiments 
as considerable and as light as one wishes, ' 
make that place the only one, perhaps, in the 
world, where experiments on a great scale , 
may be made with the same precision as in ' 
general can only be obtained by a small 
apparatus. It is for that reason we preferred 
that railway to any other at present in acti- ' 
vity, either in France or in England. 

The same facilities were also offered us . 
by the directors of the Darlington Railway. 
Interesting documents concerning the repairs 
and expenses of all sorts, incurred by that 
company, were obligingly communicated to 
us. We owe that obligation to the liberal 
authorisation of Mr. J. Pease, M. P., chair- 
a 2 
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man of the company, and to tlie iinroniit- 
ting attentions of Mr. Robert B. Dockray. 

We have studied the subject with all the 
interest, and, we might say, with all the 
enthusiasm it excited in us. In fact, what a 
subject for admiration is such a triumph of 
human intelligence ! Wliat an imposing sight 
is a Locomotive Engine, moving without 
effort, with a train of 40 or 50 loaded 
carriages, each weighing more than ten thou- 
sand pounds 1 What are henceforth the hea- 
viest loads, with machines able to move such 
enormous weights ? What are distances, with 
meters which daily travel 30 miles in an hour 
and a half? The ground disappears, in a 
manner, under your eyes ; trees, houses, Iiills, 
are carried away from you with the rapidity 
of an arrow ; and when you happen to cross 
another train travelling with the same velo- 
city, it seems in one and the same moment 
to dawn, to approach, and to touch you ; and 
scarcely have you seen it with dismay pass 
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before your eyes, when already it is again ' 
become like a speck disappearing at the 
horizon. 

On the other hand, how encouraging is 
the evident prosperity of those fine esta- 
blishments. How satisfactory it is to acquire j 
the proof that the Liverpool Railway pro- 
duces 9 per cent, interest, and the Darling- 
ton one an equal profit ! With what confi- 
dence must we not anticipate the future state 
of such undertakings, when we know that, 
besides the above-mentioned annual interest, 
the shares of the Liverpool Railway have | 
risen, in four years,* from £100 to £210; and 
those of the Darlington Railway, in eight i 
years, from £100 to £300 ? What may not)' 
society at large expect in future from thisj 
new industry, which will augment, ten-fold,' 
the capital and produce of the country, by the., 
immense influence of speedy and economical 
conveyance ! 

* The first edition ol' this wofk appeared 
begiiiiiiiig of 183,5. 
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We shall in the course of the work make use of 
the foUowing abhreviations :— 



Ton 


t 


Pound avoirdupois ... 


lb. 


Foot 


ft. 


Square foot 


sq. ft. 


Cubic foot 


eft. 


Inch 


in. 


Pound sterling 


£. 


Shilling 


B. 


Penny 


d. 
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LOCOMOTIVE ENGINES. 



I The plsm we intend to follow in the course of 

I this work will, we hope, render it both clear and 

^^ methodical. 

^^H We shall begin by the description of a locomotive 
^^H engine ; and we shall axjquaint the reader with the 
^^H means hy which the pressure of the steam may be 
^^H accurately measured, so that, before we go any 
^^^ farther, he will he able to see the elements irom 
i which the power of the mover we are to employ is 

derived. 

Our attention will afterwards be directed towards 
' the resistances which that mover must overcome in 
its motion, so that we shall successively endeavour 
to discover as well the resistance of the waggons, as 
that which belongs to the engine itself, either when 
it moves alone, or when it draws a load after it. 

These points first established, we shall pass to 
the general theory of the movement of locomotive 
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enfjincs, and wc shall lay down the formula by 
which to determine, a priori, either the speed the 
engine will acquire with a given load, the load it 
will draw at a given speed, or the proportions which 
are to be adopted in its construction to make it 
answer any intended purpose. 

After that, we shall Kave to consider several addi- 
tional dispositions proper to the engine, which may 
exercise more or less influence on the expected 
effect ; and we shall then also treat of some external 
circumstances, the result of which may be of the 
same nature. 

Lastly, we shall speak of the fulcrum of the mo- 
tion, or of the force of adhesion of the wheel to the 
rails ; and our last chapter will contain a calcula^ 
tion of the quantity of fiiel required for the traction 
of given loads. 

These inquiries will be sufficient to solve all the 
most important questions concerning the application 
of locomotive engines to the draft of loads. 

They will sometimes be necessarily subdivided into 
several branches, and require calculation and theo- 
retical illustrations, of more or less extent, though 
always plain and easy, and a series of experiments 
more or less numerous ; but we shall take care to 
maintain, all along our work, the classification we 
at present lay down. 
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CHAPTER I. 
DESCRIPTION OF A LOCOMOTIVE ENGINE. 



ARTICLE I. 



ENUMERATION AND DESCRIPTION OF THE PARTS. 



Figure 1 represents a locomotive engine con- 
structed on the most approved principle. Its me- 
chanism is bo simple, that a short description will be 
sufficient to explain its mode of acting. Whatever 
may appear unsatisfactory in this first sketch, will 
be cleared up by the particulars we shall have 
occasion to add in the course of the work. 

The principal parts of the engine are : the fire- 
place and boiler, which constitute the means of 
raising the steam ; the slides and cylinders which 
are the means of bringing into action the elastic 
force residing in that steam ; and the cranks and 
wheels, by means of which the motion is transferred 
from the piston to the engine itself. ^V^)en we 
have described those principal parts, we shall pass ' 
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to some others of less importance, and then we 
shall fix the particular place each of those parts 
occupy in the engine. 



§1. Of the Boiler. 

Figure 3 gives a complete idea of the boiler. 
It shows the body of the machine, composed of 
three distinct compartments. The one to the right, 
or fironting the machine, and which is surmounted 
by the chimney C, is separated from the two others 
by 3 partition tt. The two others together form the 
boiler. Both are filled with wafer to a certain 
height cd, but part of their internal space is occu- 
pied by the fire, as will be explained. 

In the hindmost compartment is placed a square 
box e, which contains the fuel, or forms the fire- 
place of the machine. Between the sides of that 
box and those of the compartment in which it is 
contained, a space qq is left, which communicates 
freely with the remainder of the boiler, and which 
is consequently filled with water. The inner box 
is supported in the compartment in which it is 
contained, and joined to it by strong bolts, having 
the advantage of giving soUdity to that part of 
the boiler which, not being roimded, offers less 
resistance than the oUndrical parts. 

The fire-box e, being thus placed in the middle of 

one of the compartments of the boiler, would be 

• surrounded on all sides with water, were it not for 
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the aperture /, which forms the door of the fire- 
place, and the bottom, 7in, of the box which is occu- 
pied by a grate, one of the bars of which is repre- 
sented at 7in. This ^ate is more plainly seen in 
fig. 4, which represents the same fire-box seen in 
front. 

Near the door I, and in the machine, is placed 
a strong supporting board, represented in fig. 1, 
by BB. The use of this board is for the engine- 
man to stand upon. Directly behind the machine 
comes the tender carriage for coke and water, so 
that it is easy for the fireman to throw coke in the 
fire by the door /, and to let water pass in the 
boiler whenever it may be necessary. This supply 
of water takes place by means of a forcing-pump, 
put in motion by the engine itself, and,of which we 
shall speak hereafter. 

The lower part, nil, of the fire-place is occupied, 
as we have said, by a grate, and remains conse. 
quently open, admitting the external air required 
for the combustion of the fuel. The coke thrown 
into the fire-box, falls on the grate and is supported 
by it. When the fire is lit, and the door of the fire- 
box shut, the flame of the combustible remains 
confined in the fire-bos. It would have no egress, 
if a number of small tubes or fines cV, the dispo- 
sition of which is better seen in fig. 4, were not 
lead the flame to the chimney, after passing througl 
the whole length of the second compartment oi 
cylindrical part of the boiler. 
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From that construction it will easily be conceived, 
that the fire being shut up in the fire-box, and com- 
pletely surrounded with water, none of its calorific 
parte are lost. Afterwards, the flame, in its way to 
the chimney, divides itself among aU the small flues 
we have mentioned. It crosses thus the water of the 
boiler, having a considerable surface in contact with 
it, and only escapes after having communicated to 
the water as much as possible of the caloric it con- 
tained. Once arrived at the extremity e" of the 
tubes, the flame is in the compartment of the chim- 
ney, and escapes freely through the chimney C. 

We see thus the heat applied here in two very 
distinct manners. All the water which surrounds 
the fire-box is in immediate contact with the fuel, 
and consequently subject to the action of the radiat- 
ing caloric ; on the contrarj-, the water which is 
placed in the middle compartment, receives its heat 
only from the contact of the flame and heated air 
which escape from the fire-box, so that it is exposed 
only to communicative heat. 

It may be necessary to observe here, that the 
form of a boiler, with tubes, a form to which is 
undoubtedly owing the surprising power of the pre- 
sent locomotive engines, is a French invention. 
This ingenious idea belongs to M. Seguin, civil 
engineer and manufacturer in Annonay.* 



■• M. Seguin's patent bears the date of the 22d of February, 
1828 ; and it was not until April 25, 1829, that the conunittee of 
directors of the Liverpool Uailway called the attention of the 
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§ 2. Of the Action vfthe Cylinders. 

The second importaJit part of the engine is the 
apparatus of slides and cylinders. Fig. 3 is also 
designed to show the disposition of this part. 

In the upper part of the hoiler, that is to say, in 
the part occupied hy the steam, there is a large 
tuhe VV, which is open at one of its ends and 
leads out of the boiler. It is by this tube that the 
steam is conducted into the cylinders. At V, in 
the interior of the tube, is a cock or regulator, the 
handle T of which extends out of the machine. 
By turning that handle more or less, the passage 
for the steam may be opened or shut at will. 

English. mecfaaiiiciaRB towards locomotive engines, by proposing 
a prize on the aubjeet. On October 6, of the same year, 1829, 
and not before, appeared the Rocket engine of Messrs. Stephen- 
son and Booth, the principle ami even the form of wliich differ 
in no way from M. Seguin's patent. We do not wish to detract 
from Mr. Booth's merit in having also conceived that happy idea. 
It is not the first time that two ingenious persons have had the 
same thought; but, by the above-mentioned dates, it will be seen 
that the prior claim rests, nevertlieless, with the French engineer. 
The fact may be easily verified in England, by looking for a 
description of the patent in some of the following works, which 
are certainly to be found in the British Museum and other chief 
English libraries : Annales de T Industrie Franpaise et Efrangire, 
[ Bu Reeual Industriel et Manufacttaier, ann^ 1828 ; .Bulletin dt 
ia Sorn6ti ([ Encowaganent pour [Industrie Nationale, ' 
; Description des Machines et Proc6d^.s consiffnds d 
Brevets d Inventimi, de PerfecHonnemtut a d'lmportatta 
lies dapris les Ordres du Ministre de rinlMeur et du Can, 
This last work we quote in advance, as it only gives tlie dCo 
Hon of expired patcntfi; M. Seguin's will not be mentioned i 
the year 1838. 



The steam, being thus generated in great abund- 
ance in the boiler, and being unable to escape out of 
it, acquires a considerable degree of elastic force. If 
at that moment the cock V is opened, the steam, 
penetrating into the tube by the ajMirture V, follows 
it to the entrance w of the valve-box. There a 
sliding valve .r, which moves at the same time with 
the machine, opens a communication to the steam 
successively with each end of the cylinders. These 
are placed horizontally at the bottom of the chimney 
compartment, where the passage of the flame and 
the sides of that compartment protect them against 
the condensating effect of the cold air, and keep 
them in a proper degree of heat. 

The direction of the arrows in the figure mark 
the line of circulation followed by the steam, from 
its entrance at the aperture V, into the slide-box. 
In the situation in which the slide is here repre- 
sented, passage 1 is open to the steam, and conse- 
quently the piston is pushed in the direction of the 
arrow. At the following instant, passage 2 will be 
open in its turn, and the piston will be pushed in 
the contrary way. When the steam has produced 
its effect, it passes in the tube v', and is conveyed 
by it to the chimney, through which it escapes into 
the atmosphere. 

The introduction of the steam takes place at V, 
at a point purposely elevated, that the bubbling and 
jolting of the engine may not let the water of the 
boiler get in by the opening V. 
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§ 3. Of the Cranks and Wheels. 

The piston-rods being set in motion according to 
the foregoing explanation, and sliding in guides 
which prevent any deviation from a rectilinear hori- 
zontal motion, communicate a rotatory movement 
to the axle of the two hind wheels of the engine. 
This transformation of the alternate motion into a 
circular one, takes place after the manner of the 
common foot spinning-wheels, by means of a crank 
in the axle. This effect is clearly represented in 
fig. 3. There the steam may he seen forcing alter- 
nately the piston backwards and forwards, and 
turning the crank yz^ and at the same time the 
axle and the wheel which is fixed to it However, 
as in the motion of a crank, there are two points in 
which the alternate force that puts the crank in 
motion, has no greater tendency to move it in one 
direction than in another, which takes place when- 
ever the radius of the crank happens to be on the 
centre, that is to say, in the direction of the alter- 
nate motion ; the two cranks respectively corre- 
sponding with the two pistons, are placed at right 
angles to each other. By that means one of the 
two has always its full eflfect whenever the othi 
ceases to act, and the power of the engine nev 
varies. The two cylinders being, as we 
already said, placed beneath the boiler, the pisi 
rods communicate directly under the engine wil 



10 ClIAPTKIt t. 

the above-mentioned cranks, as appears in the 
figure. The crank-axle being set in motion, the 
wheels, which form one body with it, turn at the 
same time, and the engine is propelled in the same 
manner as a carriage which would be set a-going 
by turning the wheels round by the spokes. 

The only fulcrum of the motion being in the ad- 
hesion of the wheels to the rails that support them, 
which adhesion causes them to advance instead of 
slipping round, it might appear doubtful whether, 
on such an even surface as the rails of a railroad, 
the engine could advance by means of the sole rota- 
tory movement imparted to its wheels, particularly 
when the engine has to draw a considerable weight. 
But experience proves, that however slight the ad- 
hesion of a wheel to a well-polished rail may appear 
to be, as, on the other hand, the power required to 
draw a load on a railroad is very small, that adhe- 
sion is sufficient, and the engine progresses, fol- 
lowed by its whole train. 

In ordinary cases, the adhesion of two wheels is 
sufficient ; particularly with engines, the weight of 
which is distributed so that the drawing-wheels 
bear about the two-thirds of it. When a great 
power of adhesion is required, the four wheels are 
made equal. In that case one may, if necessary, 
connect the two wheels of the same side together, 
by metallic rods placed on the outside of the wheels. 
One of these connecting-rods is represented in 
fig. 6. C is the prolongation of the axle beyond 
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the wheel. The crank-arm Co is fastened to that 
prolongation of the axle, and must necessarily turn 
with it. The point o is a ball and socket joint j 
m is a cotton-wick syphon, by which the oil is fed 
in the joint ; n7i are keys designed to lengthen or 
shorten the rod, which at its opposite end is joined 
in the same manner to the crank-arm of the other 
wheeL The natural result of this is, that when the 
wheel or the axle C turns, it carries along with it 
the crank-arm Co, and thus communicates the same 
motion to the other extremity of the connecting- 
rod, and by it to the crank-arm of the second axle. 
Thus the power of the engine is communicated by 
the two hind wheels to the two others, and the 
engine then adheres by its four wheels. 

In order that, while in motion, the engine may 
not slip off the rail, which, we know, are iron bars 
projecting above the ground, the wheels bave, on 
the inner side, a flange that prevents any lateral 
motion. But as, on the other hand, that flange 
ought not to be in danger of constantly rubbing 
against the side of the rail, the tire of the wheel is 
not exactly cylindrical, but slightly conical. Its 
diameter is a little larger on the side of tbe flange 
than on the outward side ; the consequence of which 
is, that, supposing the engine were to be for a 
moment pushed to the left, the left wheel, resting 
on its broadest part, would pass over more way than 
the right wheel, and by that means bring the engine 
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Imuk to its true place between the rails, Whei 
such a form may be seen in fig. "i, 

§ 4. Of the Snfefj/ Valves. tH 

The three preceding points form the foundj 
on which the action of the engine rests ; the ( 
parts are only secondary ones, that is to say, 
designed to make the power produced by the fcH 
ones efficient. The boiler has two safety-vi 
E, F (fig. 1), one of which is sometimes shut i: 
a box, to put it out of the reach of the engine-i 
and to prevent him from overcharging it, aj 
might be tempted to do in order to obtain fron 
engine a greater effect, even at the,risk of dai 
ing it. More commonly, however, that preeai 
is given up, on account of its inconvenience. 



§5. 0/ffie Waler- Gauge. 

A gauge is likewise fixed to the machine to ( 
at what height the water stands in the boiler. ' 
gauge is a glass tube, mn (fig. 7), inchased at 
its ends in two verrels aa, with cocks commun 
ing with the interior of the boiler and appea 
outside, as may be seen in the figure. ^A'hen 
two cocks rr at top and bottom of the tube 
opened, the water penetrates into the tube and t 
the same level as in the interior. The cock 
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designed to let that water afterwards run off. The 
use of this instrument is, that the engine-man may 
I know when it becomes necessarv to let the appa- 
I ratus be refilled from the tender. As, however, the 
tubes and other parts of the boiler beg^ to sufler, 
that is to say, are apt to crack, when the water gets 
too low in the machine, there are, for more safety, 
I on the side of the boiler, two and sometimes three 
' small cocks, placed at different heights ; by opening 
which, one after the other, the level of the water in 
the interior may be still more positively ascertained. 
If it be necessary to know at what height the water 
stands in the boiler, it is not less so to be certain of 
the real degree of elastic force the steam possesses ; 
for, should that force not be sufficient, the engine 
would be unable to accomplish its task : but as this 
point requires to be explained at some length, we 
shall at a further period make it the subject of a 
chapter by itself. 



%fi. Of the Slides. 

We have another important object to clear up. 

' We have said above, that the slide-valve admits suc- 
cessively the steam above and below the piston of 
each cylinder, the result of which is the alternate 

! motion, source of the final progressive motion of the 
engine. The engine-man then having opened the 
regulator or cock that admits the steam into the 
pipes, the steam proceeds from the boiler through 
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the tube v (fig. 8) to the valve-lwx, aiid, pressing 
with all its force on the upper part x of the sliding- 
valve, compels it to remain in immediate contact 
with the plane in which it slides, while performing 
its motion. When the slide is in the situation in 
which it is represented in the fifrure, the steam 
takes the way marked 1, acts upon the pistmi, 
and pushes it in the direction of the arrow. In the 
meanwhile, the steam under the piston escape 
through the passage 2, which then communicates 
with the exterior, by means of the aperture e. 
When this first effect has been produced, the slide, 
by means of its rod /, is pushed in the position 
marked by the dotted lines. Then, on the con- 
trary, it is the passage 2 which is open to the 
steam coming from the boUer : it pushes, conse- 
quently, the piston in the opposite direction to 
its first motion; while the passage 1, communi- 
cating in its turn with the aperture e, gives free 
egress to the steam that has produced its effect. The 
alternate motion continues thus : the slide passing 
from one position to the other, by which it opens 
and shuts successively the passages, so that the 
steam may act alternately above and below the 
piston. The steam is afterwards led to the chimney, 
as will be explained hereafter, there to augment 
the current of air by which it causes the draft of 
the fire. 

The motion of the slide is regulated so as to 
accompany the motion of the piston, but still to 
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, precede it by a very short instant: that is to say, 
that instead of opening the proper passage for the 
stroke of the piston just at the moment the piston 
is going to begin that stroke, it opens it a little 
beforehand. This is called giving a little lead 
to the slide. By that means, at the moment the 
piston begins its motion, the steam has already its 
full action upon it. We shall have occasion to come 
back to this point, when we shall see that this dis- 
position, which is favourable to the speed of the 
engine, can he advantageously employed only within 
certain limits, beyond which it would be prejudicial 
to the load the engine is able to draw. 



§ 7. 0/" the Eccentric Motion. 

The alternate motion of the slide is performed by 
the steam itself. To comprehend this point re- 
L quires some attention, 

An eccentric wheel is fastened to the axle, and, 
as this turns, the eccentric, drawn along by its 
motion, pushes and draw^ alternately the rod of the 
slide. 

This effect is represented in figs. 9 and 10. The 
point O is the centre of the axle, of which the 
section appears hatched. The point m is the centre 
I of the eccentric, hatched in a contrary direction. 
The axle, in turning, draws the eccentric along 
with it, and makes, consequently, the point jh 
I ■describe a circle round the point O. In that 
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motion tlie point in, passing succcBsively to the 
right and to the left of the centre O, raust neceft- 
sarily, by means of the ring mt, which encircles th& 
eccentric, pusli and draw alternately the shaft L, 
which acts upon the slide. 

On the other hand, the point C representing the 
extremity or throw of the crank of the axle, which is 
8et in motion by the piston, it will appear that when 
the eteam-pushing the piston from one end of the 
cylinder to tJie other, makes the crank revolve half 
way round, the axle makes also the half of a revolu- 
tion round itself j so that the point m describes the 
half of a circumference round the point O, and 
consetjuently the eccentric pushes the shaft L, and 
by it the slide-rod /, from one of their extreme 
positions to the other. 

Thus j)lac-od, by this first operation, the slide 
now admits the steam on the opposite side of the 
piston. The piston then goes back, makes the axle 
rtivolve again half way round, whereby the slide ia 
brought bock to \ta original position, which suits 
the next stn>ke of the piston ; and so forth. 

The cff'wt of drawing and pushing alternately 
the slide-rod by means of the rotation of the ec- 
centric, is aeconiplishud by means of a metallic ring 
flit fixed at the end of the! shaft L, and in which 
tlK» owentric-whwl turns, the surfaces which are in 
contnct being smooth luul lubriciited with oil. By 
this lUTiuigenunit, whilti the greal radius of the ec- 
ct'Ulrii- [msst's in tuniiiig from one side of the centre 



DESCKIPTION. 17 

to the other, it carries along with it the shaft fas- 
tened to the ring, and coramunicate3 to that shaft 
the alternate motion. 

J this it will be seen that the eccentric wheel 
■tocts here the part of a common crank, for transform- 
King the circular motion of the axle in an alternate 
Imotion applied to the slide, on the contrary principle 
to that which changes the alternate motion of the 
piston into a circular motion applied to the axle of 
the engine ; but the eccentric dispenses with the 
I crank which would have been necessary in the axle. 
' However, as by the disposition of the engine the 
slide-rod is not in the same plane with the axle, the 
eccentric does not communicate directly the motion 
to the slide-rod itself; the motion is communicated 
\ to that rod by means of the cross-axle K, and the 
I two arms KL' and K^' which are fixed to it ; and 
pthe consequence is, that when the eccentric goes 
r back, the slide-rod / advances, and vice versa, as 
kmaj be seen on the figure. 

A comparison between figs. 9 and 10, the differ- 
I ence of which is a quarter of a revolution, will make 
\ the above-mentioned effects perfectly intelligible. 

f examining the motion of the slide (fig. 10), 
it will he seen that, while passing from one of its 
situations to the other, and when it happens to be 
exactly in the middle position, there occurs one in- 
Ifitant during which all the passages of the steam 
! shut together. This effect takes place at the 
[Doment the slide changes the passages of the steam. 
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must necessarily stand also at right angles 
each other. This disposition may be seen in 

fs. 11 and IS, where the piece forming the two 
eccentrics is represented in front. To make it 
JBore clear, it is marked hy hatchings. 

This piece must, as has been said, move with 
and he carried along by the axle. However, if it 
were permanently fixed on the arlc, its position 
might suit when the engine is to go forward, and 
not when it is to go backward; for it will bo seen 
that, for those two motions, the eccentric must be 
'Sxed in two different positions. 

This piece is therefore foose upon the axle, like 

pulley on its axis, but it can be fastened to it at 
will. To that effect its side-faces have two aper- 
tores or eyes, represented at O and 0'; and the 
axle itself carries two pins rf, which are called 
drivers. The eccentric being placed on the axle 
between the two drivers, it is easy to push it by 
means of a lever, either against one or against the 
other, until it enters into the aperture designed for 
it ; so that, from that moment, tlie eccentric may 
be drawn along by the axle. Moreover, if those 
two drivers be placed in such a manner that one 
Biay suit to the progressive, and the other to the 
retrograde motion of the engine, wo shall, by disen- 
gaging the eccentric from the one and carrying it to 
the other, be enabled to make the engine go eitlicr 
forward or backward at pleasure. 

There is no difficulty in fixing the place that the 
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MJVMllrie • nrast occupy on the axle, either for 
prog n nf i Te or the retrograde motiou. 

Let us soppoiie that, by pushing the engine gently 
along the rails, wc bring one of the pistons U> he 
just in the middle of the cjlinder, and that pre- 
cisely at the same instant the crank, on which that 
piston act*, i» in its vertical position above the axle, 
as in fig. 3, it ia clear that, to make the engine go 
forward, the steam must push the piston forwards, 
for then the piston will carrj- along with it, in the 
same direction, both the crank and the wheels; 
consequently the slide must admit the steam by the 
potusagc No. ], or he drawn forward as it is repre- 
Mmted here, which, by referring to fig. 9, requires 
that the radius of the eccentric be horizontal, and 
placed at the back of the axle. This is, therefore, 
th« point at which the driver must fix the eccentric 
for the progressive motion. 

Tlio engine remaining in the same position, let 
iw suppose that wo wish, on the contrary, to dispose 
it for the retrograde motion. The steam must arrive 
on the opposite face of the piston, that is to say, 
that the passage No. 2 must be opened to it, which 
supposes tliat the slide is pushed backwards, and 
consequently that the eccentric is in front. It is 
therefore horizontally, and in the front of the axle, 
that the eccentric must be fixed by means of the 
driver. 

ITiis is exactly the position of fig. i'^. By ob- 
serving the right liiuid rrank, we st'o that while 
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that crank is vertical and above the axle, the driver 
r on the right side, and the aperture that receives 
it, are behind, and hidden by the axle ; conse- 
quently, the eccentric is horizontal, and in front; 
a position which, as we have seen, suits a retrograde 
motion. The driver r is thus placed for the retro- 
grade motion, keeping the eccentric in that position. 

If we now suppose, on the contrary, that the 
eccentric he pushed against the other driver r', the 
corresponding aperture of the eccentric being at O', 
that is to say, not being in front of the driver, the 
consequence will be that, the eccentric not stirring 
out of its place, the axle will be forced to turn half 
round before the driver can enter into the aperture. 
From this follows, that, if we continue to examine 
the right crank, it will he found to have arrived 
under the axle, while the eccentric will still be in 
front, which is the position that suits the progres- 
sive motion ; for it is the same as the one wc have 
explained above, of the crank being above the axle, 
and the eccentric behind. 

Thus, we see that the two drivers r' and r, in 
figs. 11 and 19, being placed at right angles with 
each other, and with the cranks of the axle, are in 
a proper position ; one for the progressive, and the 
other for the retrograde motion of the engine. 

These two drivers being fixed on the axle, one 
on one side, and the other on the other side of the 
eccentric, it is clear that, by pushing that eccentric, 
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by means of a lever, either on one or on the other 
of the two drivers, tho effect of the steam on the 
piston will immediately be to carry the engine either 
forwards or backwards, according to the driver with 
which it has been thrown in gear. The lever, which 
causes the change of position of the eccentric, is 
placed in such a manner as to present its handle 
within the reach of the engine-man, on the board on 
which ho stands. 

Besides these several dispositions, in order that 
the man who directs the engine may himself and of 
his own accord move the slides, independently of 
the motion of the axle, the shafts of the eccentrics 
arc not invariably fixed to the slide-rods. They 
are only fastened to them by a notch L', figs. 13 
and 14. By means of a lever acting on the small 
rod mo, the engine-man can raise the shaft of the 
eccentric and disengage it from the notch, as may 
be seen in fig. 1-i; then the slides are at liberty to 
move independently of the axle ; consequently, it is 
easy, by means of two handles represented by PP 
in fig. 1, and connected with the slide-rods, to give 
to those slides the required motion. 
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§ 9. Of the JVafer- Pumps. 

Under the body of the engine are two pumps p, 
fig. 1, the uso of which is to replenish the boiler 
with water. Each of them is placed immediately 
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ri under the piston-rod of each cyUnder, and is worked 

■ by it. Each pump sucks a part of the water of the 
- tender into the cylinder of the pump, and, on the 
, other hand, forces it from the cylinder of the pump 
I into the Imiler, in the usual way. By having two 

pumps the replenishing of the boiler is secured, as, 
in case one of the two were to get out of order, the 

■ other may easily supply its place. 

The valves of these pumps are ingeniously made 
of a small metaUic sphere, resting on a circular seat, 
on which it always exactly fits. Their action takes 
place by rising within a cylinder, the sides of 
which are pierced with four apertures for the pas- 
sage of the water. One of these valves is repre- 
sented in fig. 15. The water is introduced through 
I a from the interior of the cylinder, under the sphe- 
rical baU which it raises, and is diffused in the 
body of the pump by the apertures b,b. This form 
of a valve never misses its effect ; and the pumps, 
which, in the beginning, were continually out of 
order, are free fi'om that defect, since Mr. Melling 
of Liverpool first introduced that sort of valve. 



§ 10. Of the Steam^ Regulator. 

The regulator, of which we have spoken above, 
and by means of which the passage leading from 
the boUer to the cylinders may be more or less 
opened, is represented in figs. 32 and 33. It 
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Himply i-oiiMiittti of two metallic disks placed abore 
and iixRctly fitting each other, both bating an aper- 
ture of the same size. The inferior disk is im- 
moveahl«, and shuts the pipe through which the 
iti'am escapes. The superior disk is moveable, by 
miianH of a handle T, which projects out of the 
online ; th« stem r of the handle passes through 
the moveable disk, and enters the other in its 
coniru, »» m to keep them both in a right position 
over each other. In fig. 32, these two disks are 
diHtingulnhed from each other by hatchings running 
a different way. By making the superior disk K, 
by means of the handle T, move circularly on the 
inferior disk, the two apertures may be brought to 
eorn'spoiid exactly with each other, as in fig. 32, 
mid then the passage is entirely open. If only par- 
tiully moved, iis rei)roaeiited by the dotted lines in 
fig. 33, tlie passage is only partially opened ; and 
when tlie two apertures do not correspond at all, 
the ('(mimuniealinu i» coiuplet^-'ly intercepted : when 
iho jHiHtitigu \n tliiiH tihut, it is the steam itself that 
keepM the two diskti in immediate contact with 
meh other, by luvesing with all its force on the 
xmH^ritir di»k. 

Tllin M>g»lulor umy iiUo be constructed in a dif- 
fi'v^nit way. I( in tiometimeK made in the form of 
n iMiiuuiun Iwit-wny t'ork, the xteam coming fivm 
idMtvet but (lie )treeedkiig deneriptJon is the ono 
nuwl eoiumtudv lined. 
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§ 11. Of the Joints or ncltbin/j; parts. 

In all the joints of any importance, the oU is fod 
without interruption by means of a cup, with a wick- 
syphon, placed above the joint as at m in fiff. 6. 
This cup is made in the form of a school-boy's ink- 
horn, so that the Telocity of the motion may not 
spill the oil ; and there is at the bottom of it a 
small tube, penetrating to the entrance of the joint. 
A cotton-wiek dipping in the oil of the cup passes 
in the tube, and, sucking continually the oil out of 
the cup, drops it into the joint without interrup- 
tion. 

§12. OftJie Fire-Gnite. 

The grate in the fire-place is not made of a sinjile 
I piece. It is formed of separate bars (fig. SI), which 
[ are placed next to each other at the bottom of the 
fire-place, where they are supported by their two 
ends. The axlvantage of this arrangement is, the 
facility it affords of replacing them individually by 
new ones, when they are worn out by the intensity 
of the fire. Besides, if any accident should happen 
to the boiler, and make the water run off unex- 
pectedly, thus endangering the engine, one may, liy 
[ means of a crooked poker, easily turn the bars up- 
I side down, and consequently extinguish immediately 
I the fire bv letting it fall on the road, with ihe barw 
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that supported it. It is also thus that every even- 
ing the fire-box is emptied, after the eogine has 

finished its work. 



§ 13. Of the places om/pied hi/ the different parts. 

We shall complete this description, by showing 
on the whole engine, as represented in figs. 1 and 2, 
the places occupied by the different parts of which 
we have spoken. 

A, Part of the boiler containing the fire box. 
BB, iStand for the engine-man and his assistant. 

C, Chimney of the engine. 

D, I'lace of the cylinders. 

E, First safety-valve, with lever and spring-balance, 
as will be explained hereafter. 

F, Second safety-valve, constructed in the same 
manner. 

G, Glass-tube. 
H, Gauge-cocks. 

I, End of the eccentric-rod. 

J, Horizontal guides for the head of the piston-rod, 

so as to ensure its motion in the exact direction 

of the axis of the cylinder. 
K, Cross axle, communicating the motion of the 

eccentric-rod to the slide-rod, by means of the 

arms KL' and K/', which are fixed upon it (see 

figs. 9 and 10). 
L', Notch for throwing in gear the eccentric-rod 

with the ci"ii^s-axlt' which works the sUde-rods. 
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MM, Rod by means of which the en^ne-man can 
raise the eccentric-rod, and throw it out of gear 
with the cross-axle which works the slides. This 
is performed by means of the arms m and m' 
connected together. When the engioe-man pulls 
the rod MM, he causes the arm m' to raise, and 
with it the small rod mo', which lifts the eccen- 
trie-rod out of gear «-ith the arm KL. 

N, Handle, by means of which the engine-man pulls 
the rod MM, so as to produce the aforesaid 
effect. 

PP, Handles to more the elides when they are 
thrown out of gear with the eccentrics. These 
handles, actii^ upon the cross-axle Q, move the 
cro^-heads KR which are fixed to it, Thig 
motion is communicated Ijy means of the ro<ls SS 
to the cross-heads rr, which act upon the axle 
working the slides. 

T, Handle of the regulator, to open more or Iobb 
the aperture through which the steam j)a6(ii?s 
from the boiler to the cjlinders. 
■ V, Steam chamber, or reservoir, in which the Btcam 
is confined till it can escape through the a|)erturo 
of the regulator, and jHjnetrate into the cylinders. 

U, Man-hole, or aperture, closed by a strong iron 
plate, and large enough to admit a man into the 
interior of the boiler, when neceBsary. 
^XX, Iron knees, by which the boiler is fixed to the 
frame of the carriage. 

2Z, Springs resting a* '/'/ on the chiiirM oC ihii 
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wheels, by meaiis of vertical pins passing through 
holes in the frame of the engine. One end of 
the pin resting on the back of the spring, and 
the other on the upper side of the chair ; the 
whole weight of the machine is thus supported ■ 
by the wheels, but through the intermediate 
action of the springs. 

bb, Guides for the chair of the wheel to slide up 
and down, according as the spring bends more or 
less under the weight of the engine. The upper 
part of the chair is scooped out to form a small 
reservoir for oil. This reservoir, as well as the 
above-mentioned cups, contains a tube and a 
syphon-wick, for feeding constantly the oil upon 
the axle, at its rubbing point with the axle-box. 

c. Flexible tube made of hemp cloth, but supported 
within by a spring, and through which the water 
arrives from the tender to the pump of the 
engine, when a cock fixed to the tender is 
opened. 

p. Water-pump of the engine, which is constantly 
set in motion by a connexion with the piston-rod 
of the corresponding cylinder, but which cannot 
force any water into the boiler, unless a cock 
which lets the water come in from the tender be 
opened. The cock is not marked on the figure. 

p'. Handle and rod of the safety-cock of the pump, 
serving to ascertain whether the water really 
arrives in the cylinder of the pump. This cock 
leads without, so that when it is open imd the 
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pomp has its proper effect, a small jet of water 
may be seen issuin": from it, which shows that 
the pump works right. 
ee. Pad, stuffed with horse-hair and covered with 
leather, to deaden the shocks the engine may 
giYe or receive. 
f Cock, by means of which the water that is some- 
times carried from the boiler to the cylinder mav 
be forced out by the effect of the steam. 

Zg, Opening made in the double casing of the fire- 
bos, and closed by a screw-bolt. In withdrawing 
this bolt, a cleaning-rod may be introduced into 
the double-casing ; and, by means of a forcing- 
pump, water may be injected with force, to cleanse 
out the clay sediment left by the boUing of the 
water. This cleaning is usually performed once 
arweek. 

I h, (fig. 2.) Moveable plate, or door, opening the in- 
terior of the chimney compartment, by which the 
end of the tubes of the boiler, the cylinders, the 
slides, and the steam-pipes leading from the boiler 
to the slide-boxes, or from the slide-boxes to the 
chimney, are visible. This door is opened when 
it is necessary to regulate the slides, as we shall 
sec hereafter. 
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ARTICLE 11. 

OF THE rnOPORTIO.VS OF THE ENGINES."^ 

§1.0/" the Dimensmis of the parts fiom whicJi the 
power of' the Engine is derived. 

Such is the construction of the locomotive engines 
employed on the railway between Liverpool and 
Manchfester. We have made use for our experi- 
ments of no other engines but those. To give a 
complete idea of them, we have now only to state 
the dimensions of some of the parts, on which the 
power of the engine more especially depends, as 
will be seen further down. 



The engines on the Liverpool Railway may be 
ranked in five different classes, as follows : — 
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50 



lu the fifth class come the fii-st engines used by 
the company at the opening of the railway ; their 
cylinders are ten inches in diameter, and under ; 
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3 stroke of the piatou, the wheels, and the weight 

f the engine vary accordingly. But at present they 

|)iaTe nearly ceased to be used on the railway ; they 

ircely ever undergo any repairs, and none of them 

will figure in our experiments. We need therefore 

■lot enter into any particulars concerning them. 

Among the thirty-two engines that have l)oen 

I'Constructed for the company, and of which thirty 

mare still in their possession, there ai'e 

^ of 14 inches (diameter of the cylinder). 
4 of 19 do. 

lliofll do. with a sixteen-ineh stroke. 
2 of 11 do. with an eighteen-inch stroke. 
I The eight others are of inferior proportions, and 
f rank in the fifth class which we mentioned above, 
. They are all at the effective pressure of 50 
pounds per square inch on the boiler. 

In proportion as we shall make use of the en- 
gines, we shall state more particularly their names, 
Lweight, and power. 



§ S. Of the e.rprennion of t/ie poiver ofl/ocomoftiw 
Engines, 

It ifl by these dimensions that it is customary 
Wo express the power of locomotive steam-engines. 
We shall sec in the course of this work, that to 
render that expression complete and really sufficient 
to show the effect of the engine, under all circum- 
stances, two other elements ought still to be added to 
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them, Tiz. the fi-iction of the topaa, »ad the evxpo. 
rating power or extOQt of bcAdng sarter of the bcnlcr. 
However, eurh as tfaev are, tbey give a toWafalT 
exact idea of the power of locaanodvc engines. I 

As to the mode ii^cd for statiooarr $team-en^ims, 
which consists in expressing th**ir power bv the c0bct 
produced, and comparing it to the work a horse 
would perform, it is easj- to conceive such a mode 
which is ven- deficient in all cases, as ive shall see, 
h at all events not applicable to locomotive eDgines, 
for the following reasons ; — 

1. Becaose the power of a locomotive engine does 
not depend alone on the force residing in the steam ; 
it depends also on the weight of the engine, which 
produces a greater or less adhesion of the wheels to 
the rails, and consequently the locomotion of a more 
or less considerable load. 

2. Because the engine must move at different 
rates of speed. Now, besides the weight of the 
load, the engine must also move itself along by over- 
coming its own friction. That friction, entering 
therefore as an invariable quantity in the resistance, 
from which it must always be first of all deducted, 
it limits, according to each velocity, the final power 
remaining in the engine as applicable to the load. 
Tlic consequence of this is, that, if we were to express 
the power of the engine by the effect produced, we 
would find that measure different at each degree of 
speed at which we would consider the engine. 

3. IJecauHii locomotive engines moving three or 
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four times quicker than horses can do, it would be 
but an unLntelligible fiction to pretend to assimilate 
them to horses. 



^ 3. Dimensions oftlie Fire-box and Boiler in twelve 
of the best JLocomotipe Engines oftlie Liverpool 
and Manchester Railway. 

According to the remark we have made here 
above, aud which will be confirmed in the course of 
this work, any expression of the power of a locomo- 
tive engine Incomes imaginary, unless its evaporat- 
ing power, or the extent of the heating surfaceof its 
boiler, be given at the same time. It is, in fact, in 
the fire-box and boiler that resides the real source 
of the power of the engine. From thence results all 
the effect produced. The cylinder and other parts 
a,re the means of transmitting and modifying the 
power ; but what could be their effect, if that power 
, itself did not exist ? 

To complete, therefore, the proportions already 
/ given above, we shall add here a table of tho dimen- 
* sions of the fire-box and boiler in the different cn- 
. gines to which we shall have occasion to refer. At a 
fiiture period, our experiments will enable us to re- 
place this complex expression by the simple expres- 
sion of the evaporating power of those same engines. 
» The two most important columns of this table, are 
those which show the extent of surface exposed to 
the radiant heat of the fire, and to the communica- 
I tive heat of the flame. » 
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It will bo seen hereafter, that, with a boiler of 
those dimensions and of such a form, the engines 
are able to evaporate about a cubic foot of water 
per minute, or a pound of water per second, at the 
effective pressure in the boiler of 50lbs. on the 
square inch. 

Comparing with each other the extent of surface 
exposed in each engine to the action of the heat, a 
great distinction must be made between the surfaces 
exposed to the immediate and radiating action of 
the fire, and those which only receive the heat by 
communication, during the passage of the hot air 
from the fire-place to the chimney. An experiment 
made by Mr. Robert Stephenson is mentioned in 
Wood's work, p. 403, from which it appears that 
the two effects stand to each other iji a ratio of 
three to one. Circumstances did not allow us to 
repeat the experiment. 

It was made with a boiler similar to those de- 
scribed above, but the upper part of which had 
been taken off, and the water exposed to the direct 
action of the fire, separated from that which receives 
only the communicative beat ; the water was put 
into ebullition, and, after it had boiled for some 
time, the water that had been evaporated in each 
compartment was measured. It was then ascer- 
tained that each square foot of surface exposed 
to the heat of the radiating caloric, had evaporated 
three times as much water as the same extent of 
surface exposed to the hot air. This proportion 
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may be considered as sufficiently established by the 
experiment, in so far at least as regards a boiling 
apparatus, similar to those described above. 

§ 4i. Of Locomotive Ejigines of a different 
construction. 

The description given above is applicable to the 
most powerful engines constructed until the present 
time. That form is exclusively adoptcid on the 
Livei*pool and Manchester Railway. 

On other Unes, engines of different constructions 
are to be found. The railroad from Stockton to 
Darlington being used for a tliffercnt service, that 
is to aay, for a more moderate speed, it may be 
proper to give here an idea of the engines used on 
that line. 

The company possess twenty-three locomotive 
engines of different models, from the oldest to the 
most recent ones. 

In some of them the fire passes through the 
boiler in a single tube, which serves as a fire-box, 
and communicates directly with the chimney. In 
some others the tube bends round in the boiler 
before it reaches the other end, and comes back to 
the chimney, which, in that ease, is placed next 
to the door of the fire-box. In others, the tube or 
flue, when it reaches the end of the boiler, divides 
and returns towards the chimney, as two smaller 
tubes. In some, the fire being still placed in an 
internal flue, the flame returns to the chirancv bv 
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means of about 100 small brass tubes, on a prin- 
ciple similar to that of the Liverpool engines. 
Lastly, three of them are constructed on the same 
model as those of Liverpool. 

The company carries both passengers and goods. 

[ The first travel witb a speed of twelve miles, and 
the second of eight miles an hour. Of the different 
forms of boilers, tbose only with a set of small tubes 
suit for carrying passengers ; the others cannot 
generate a sufficient quantity of steam. But when 

I a. speed of eight miles per hour only is required, 
and for an average train of twenty-four waggons, 
which, in going up the line empty, are equal to a 
load of about sixty tons on a level ground, the most 
convenient boilers have been found to be those with 
one returning tube. They generate a sufficient 
quantity of steam for the work required of them, 
and have the advantage of being cheap in regard 
to prime cost and repairs, as their form is sim- 
ple, and they are entirely made of iron, whilst the 
tube boilers require the use of copper. 

Besides tbe difference in the form of the boilers, 
the other parts of the engine differ also. The 
cylinders are placed on the outside, and in a ver- 
tical position. The motion is not communicated 
from the piston to the engine by a crank in the 
axle, but by a rod on the outside of the wheel, 
resting upon a pin fixed in one of the spokes. 
Those engines have in general six equal wheels, of 
four tcet diameter each. Two of the wheels arc 




worked by the cylinders, as has been just ex- 
plained ; and the four others are attached to the 
first by cotmecting rods, that cause them to act all 
together. 

The weight of these engines varies. Setting aside 
the three which we have mentioned as being on 
the model of the Liverpool ones, and which weigh 
only about five tons and a half, the average weight 
of the others is frora ten to twelve tons. 

All those engines are supported on springs. In 
some of the older ones, the water of the boiler, 
pressing upon small moveable pist«ns, and pressed 
itself by the steam contained in the boiler, was 
intended to supersede the springs ; but though 
that system displayed a great deal of ingenuity, the 
spring it formed was found in practice to be too 
variable, and the system was given up. 

'ITic usual proportions adopted for the engines on 
that railway are the follomng : 

Cylinder . - - - 14^ inches. 

Stroke 16 — 

Wheels + feet. 

Weight - - - - - II tons. 

r.fl'cctive pressaif - - - 48 lbs. per square inch. 

The pressure, however, varies according to the 
ascertained solidity of the boiler. When the sheets 
of which it is formed begin to grow very thin, the 
prossui-e is sometimes reduced to Sij lbs. only per 
square inch ; in other circumstances, it is, on the 
contrarv, inirrased to (itllKs. 




CHAPTER 11. 

OF THE PUESSUUE IN STEAM-ENGINES. 



OF THE PKESSfBE CALCULATED ACCOltUlNti TO THE 
LEVERS AND THE SPRING-BALANCE. 

1. Of the principle on which tfuit calculation is 
founded. 

When an elastic fluid is confined in a closed vessel, 
'it produces in every direction on the sides of the 
vessel a pressure, which is the result of its elastic 
force, and whi(*li gives the exact measure of that 
force. If, the vessel being already filled with steam, 
a fresh quantity is continually added, the elastic 
force of the steam will augment more and moris, 
and coosequently also the pressure it produces on 
men square inch of the sor&ce of the vesseL Now, 
if at one point of the vessel there be an aperture, 
dc«ed with a moveable piece supporting a certain 
weigfat, it is clear that, as eoon ai the Bteam ooo- 
the ves^ produces upon the manakie 
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plate a pressure equal to that of the weight which 
holds it down in the opjKisite direction, the plate 
will hcgin to be lifted up ; the passage will then be 
I opened, and the steam escaping through the aper- 
ture, will show that its pressure was equal to the 
weight that loaded the plate or valve. 

It must, however, be observed, that the resistance 
which opposes the egress of the steam docs not 
consist only in the weight that has been placed on 
the valve. Besides that weight, the atmosphere 
produces also on the valve a certain pressure, as 
well as upon every other body with which it comes 
in contact. That pressure is known to be equal 
to 14.7 lbs. per square inch. It is therefore the 
weight, added to the pressure of the atmosphere^ 
that gives the real measure of the elastic force of 
the steam ; while the weight alone represents only 
the surplus of the pressure over the atmospheric 
pressure, or what is called the effectii^e pressure of 
the steam. Consequently, when a valve has a sur- 
face of five square inches, and supports a weight of 
250 lbs., wliich, divided between the five square 
inchee, gives a resistance of 50 lbs. per inch, that 
amount of 50 lbs. expresses the effective pressure of 
the steam, a valuation frequently made use of on 
account of its convenience for calculation, whei-eas, 
64.7 lbs. is the real resistance opposed, and there- 
fore the real pressure of the steam. 

This is the principle on which are established the 
9 of judging the amount of pressure in , 
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rtive engines. However, as those engines are re- 
tired to work with at least 50 lbs. effective pressure 
per square inch, and as, in order to give passage, 
if necessarj-, to all the steam generated in the boiler, 
a valve must not have less than 2^ inches diameter, 
or 5 square inches surface, it follows of course that 
if a weight is to be applied directly upon the valve, 
it must be equal to "^SOlbs, Such a weight would 
afterwards render it verj' difficult to lift up the valve 
with the hand, which frequently becomes necessary 
in the working of the engine, and particularly to 
ascertain whether the valve may not have contracted 
an adhesion to its seat which would make it useless. 
It was therefore necessary to produce the pressure 
by means of a lever ; for, if we suppose the lever 
divided in the proportion of 5 to 1, a weight of 50 lbs. 
suspended at the end will be sufficient to produce 
the required pressure without the disadvantage of 
having a considerable weight to move. But, on the 
other hand, as, in the rapid motion of the engines, 
a weight suspended at the end of a lever was found 
to be continually jerking, and consequently openuig 
and shutting continually the valve, the weight was 
replaced by a spring, and that is the manner in 
ich the valves are at present constructed. 



Of tfte Levers and Spring-Balance. 



It will easily be conceived that no exact calcula^ 
tion can be established of the power of locomotive 
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en^nes, without knowing exactly the pressure of 
steam in the boiler, which is the iutenseoess of the 
propelling force of the motion. If we were to depend 
on the nominai pressure of the engine, that is to say, 
the preasure declared by the constructor, great mis- 
takes might be incurred : for it sometimes happens 
that, with a ^-iew to give to a locomotive engine the 
appearance of executing more than others, though 
at the same pressure, its pressure is declared to be 
50 lbs. per square inch, whilst it really is 60 or 
yoibs. Moreover, the calculation of the pressure 
n generally so incorrectly made, that scarcely any 
depcndance can be placed upon it. 

We have therefore been obliged to make a par- 
ticular study of that part of our subject. 

Wc shall first give the manner of ascertaining 
the pressure by weighing and measuring the differ- 
ent parts of the valve apparatus, in case one should 
have no mercurial gauge. We shall afterwards show 
the cause of some mistakes which may be incurred by 
that mode of calculation, and which are avoided by 
using the mercurial steam-gauge. Lastly, we shall 
point out the uncertainty to which also that instru- 
ment is liable, and we shall propose another to be 
used instead of it. 

We have said, that, to produce on the valve a 
great pressure without being encumbered with a 
considerable weight, a lever is employed. M (fig. 
16) being the boiler, and S the valve, C is a fixed 
point to which is fastened one of the ends of the 
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lever BC. The lever pres^eft at the |HHm A oo the 
valve b^ means of a pin, and at tbe prjim B it sup- 
ports a weight, or to speak more ^jcmratelT, it is 
diawn biT a spring equal to a given weight. 

The diameter of the valve, the larj^f/rn^ms of the 
lever, and the weight sUs^peDded at the point B, or 
at least the wei^t repres^ented by the tensicA of the 
spring being given, it ^ill be ea^ to deduce from 
them the pressnre resulting on each square inch of the 
snrfroe of the valve. And, r»V-^ rer^o^ it will ako be 
easy to know what weight ought to be applied to the 
point B^ in cffder to produce at A a given pressure. 
For, if P represent the weight suspended at B, that 

BC 
weight will produce on A a pressure Px 

which will consequently be the whole pressure pro- 
duced on the valve ; and if S represent the surface 

BC 
Px ^ 



of the valve in inches AC will be the pressure 

produced on each square inch of the surface of the 
Talve. 

The levers and valves used bv the different con- 
structors of engines varj' considerably in their pro- 
portions. But, among those proportions there is 
one, first used by Mr. Edward Bury, of Liverpool, 
which possesses an uncontested advantage o^'er all 
other combinations of that sort. It consists in 
taking for the proportions between the two branches 



of the lever the ratio of the area of the valve to the 
unit of surface. By that means the weight P sus- 
pended at B gives immediately the pressure pro- 
duced on the valve per unit of surface. Supposing 
it should be required to establish a valve of 2^ 
inches diameter, which make very nearly 5 square 
inches surface, and that, in consequence, the ratio 
between the two branches of the lever has been 

taken as 5 to 1, that is to say, that — — =: — ; P ex- 
pressing the weight suspended at B, it is clear that 
the pressure produced at A will be Px— -- — 5P. 

This will, therefore, be the total weight on the valve, 
and the surface of the valve being 5 square inches, 

the weight or pressure per inch will be — = P. 

The same would take place if, having a valve 
3 inches in diameter, which gives 7 square inches 
for the surface, the ratio between the branches of 
lever were to be taken as 7 to 1. 

We have said that, to the weight which ought to be 
suspended at the end of the lever at B, is substituted 
the equivalent pressure of a spring. This spring is 
a spiral, which by being more or less compressed, is 
able to support in cquiLibriura, and consequently to 
represent larger or smaller weights. In other words, 
it is a spring balance, such as is used for weighing 
in daily occurrences. 

This balance consists of a rod T (tig. lO) which 
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is held in the hsmd, and to which is fastened a plate 
with a narrow ohlong^ aperture in it. Behind this 
jdate, and in a cylindrical tube, is a spring, the foot 
of which rests on the hasis L, which is fixed to the 
plate. At its other end, this same spring is pressed 
by a moveable transverse bar mn. At the bottom 
of the apparatus is a rod P, to which are fastened 
the objects that are to be weighed. The prolonga- 
tion of the bar mn projects through the aperture of 
the plate, and is terminated by an index which ap- 
pears on the outside, and which slides up and down 
the aperture, in proportion as the spring is more or 
less compressed. Divisions are engraved along that 
same aperture. In order to mark them, known 
weights of 1 lb., 2 lbs. &c., are successively sus- 
pended at P, and according as those weights, by press- 
ing on the spring, cause the index to rise, the corre- 
sponding divisions are marked. The consequence of 
this is, that when an object of unknown weight is sus- 
pended at P, and makes the index rise to the point 
marked 10, tliat is to say, to the same point to 
which a known weight of 10 lbs. made it rise, we 
conclude that that object also weighs 10 lbs. This 
is the sort of balance which is used for measuring 
the pressure in locomotive engines. We see that, 
by taking it off from the engine, and suspending 
known weights to it, the divisions may easily be 
verified, after the balance is graduated. 

When on the engine, the foot P of the balance, 
where the object to be weighed would he suspended, 
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is fixed in a 8oU<l manner to the boiler; and the 
rod T, which would be held in the hand in common 
weighing, is fastened to the end of the lever. 'ITiis 
rod passes through an aperture cut through the 
end of the lever, and is fixed above it by a 
screw which rests upon the lever. When it is 
required that thi8 balance shall produce a pres- 
eure of 10 lbs., nothing more is necessary than 
to lower the screw until the spring rises to the 
point marking 10 lbs,, and the same for any other 
weight. 

Vice versa, the steam being in the boiler at an 
unknown degree of pressure, if we loosen gradually 
the screw until the steam begins to raise the valve, 
that is to say, until its pressure stands in equili- 
brium with the pressure of the spring, the pressure 
of the steam will be known, for the degree then 
marked by the index will show the weight which is 
equal to it. 

r § 3. Of the corrections to he made to the Weight 
marked hy the Spring-balance. 

The mode we have just explained is the one 
commonly used to calculate the pressure on the 
valve. However, it will easily be conceived, by the 
manner in which the spring-balance acts upon the 
valve, that, to know the pressure which really op- 
poses the egress of the steam, it is not sufiicient to 
read the degree where the index stops, and to cal- 
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culate the effect produced at the end of the lever, 
as we have done above. In fact, first, besides the 
weight represented by the spring, and which would 
be suspended at the end of the lever, it is clear that 
the weight of the lever itself causes a certain degree 
of pressure ; for before the steam is able to raise an 
ounce of the spring, it must raise the whole weight 
of the lever. The same takes place in regard to 
the disk of the valve, which must be raised before 
the steam can have any action on the balance. 
2. When any object is weighed with the hand, that 
object is suspended at the bottom of the balance, 
but then the hand supports the upper part, that is 
to say, the rod, with the spring to which it is 
fastened ; and that effort is not taken into account, 
because it docs not make a part of the weight. 
Here, on the contrary, the rod, the screw, and the 
spring, are an additional weight ready suspended at 
the end of the lever, over and above the pressure 
marked by the spring j they must all be raised 
before the spring can be pressed upon in any way, 
and can register any effort ; they must therefore be 
taken into account. The true pressure which takes 
place on the valve will consequently not be known, 
until arc atlded to the weight mark«»d in the balance: 
1. The pressure produced by the weight ot" (he levoB 
at the place of the valve : H. The jiri'ssurt* {irodutf 
at the end of the lever by the weiplii of tti 
spring of the balance. 

1. To know the effect of the K\< r oi 
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the lever must tic uniastened from the balance; 
string must be wouud round the pin A, or passed 
through the aperture of the lever at that place, and 
then, witli another spring-balance, the le%-er must 
be weighed by means of the string. It is clear 
that the weight marked bv the second balance will 
he the pressure producod by the lever at the place 
of the valve ; to that must be added the weight of 
the disk of the valve, which must also be weighed , 
separately, by putting it into the basin of a common 
pair of scales. When the levers have a total length 
of tJ foot with the usual thickness, they commonly 
weigh '^7 lbs. or '^8 lbs. at the place of the valve. 
The disk of a valve of '2^ inches liiameter, and half 
an inch thick, weighs in general about 10 ounces. 
There ia therefore a weight of '^ lbs. to be divided 
on tile whole surface of the valve ; so that if that 
surface is oijual to '> scjuare inches, it makes 5^ lbs. 
per Bfiuare inch. When the levers are only 
1.0 inches long, they gi>norally weigh 74- lbs. at the 
place of the valve, whit>h makes, together with the 
diMk, Klhs. 'ioz., and, divided between the o square 
inches, a little more than 1^ !b. j>or inch. 

'i. To know the weight of the jwirt of the balance 
supportod by the lever, the balance ought to be 
taken to pieces, and (he spring with its rod weighed 
se|>arnti'ly. However, this operation may be avoided 
by tiiking the iNvlimce in one's hand, and suspending 
it ill llic cdutnvry dirix-tion in which it is placed in 
the cniiniiiiii act of weighing, that is to say, with 




the foot above and tha rod btOnw ; tlu' wi'ij(lH 
marked by the index will then by equal to the dif- 
ference between the weight of the roii and H]>rin((, 
and the weight of the foot. If, therefore, the totid 
weight of the balanee be known, whieh U wwy, by 
placing it in the basin of a eommoii pair of «(^Hles, 
the weight of each of its parts may easily Ihi calcu- 
lated, and consequently also the weif^ht of the hhI 
and spring. 

In fact, the degrees having been marked nn the 
balance when in its usual situation, zero was in- 
scribed at the point whore the index hUmmI when 
the spring bore no weight at all, or more KXfwAly 
when it only bore the weight f»f the fijot. Aft^rr- 
wards fresh weightii were 8ucces«ively arldral, stkI 
fer each of them the c(frTt-8[Kmding numlNT Wfw 
inscribed on the plate, alwavH omitting the wetffht 
of the fttot, which in fact ought mrt to be r«ck//nwl. 
The numbers inscribed on the plate reprenent, «m- 
eeqnentk, the real tenaion of the Kprinfr, leim (he 
weight of the fimt of the balance. Now, by tuminff 
the balance upside down, the )fpring t* drawn by 
the weight of the rod and fpring whi<"h it then 
bears. If it had bofne a weight erfoaj to tint of 
At Soot, it would have narited zero ; ff, thmretafK, 
it markt ^Ds.or3lbk, the nd and cprmf wdiirfc 
SAl nr -5lfak man dm iIk fimC. 

Smpfoaof^ ikm : B to be the total wc^eht of tim 
bofaaee, T tfae wvijElit of Ibr rod aad aprnit^ awl P 
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the weight of the foot ; if the balance turned upside 
down shows m weight, we shall have 



but, on the other hand, the weight of the balance 
is equal to the weight of its two parts, or 



adding therefore together these two equations, i 
, find 



_ When the valves have a lever of 15 inches only, 
Ilhe halance used weighs generally 4'lbs., and when 
Tied upside down, it marks l^hv so in that 
L case the weight of the rod and spring is 



T =- 



^2.75 lbs.. 



which is the weight to be added at the end of the 
lever ; that is to say, to the weight already marked 
by the balance. 

When the valve has a lever of 3 feet, the balance 

[ ^requires smaller divisions. It usually weighs only 

bs., Mid, turned upside down, marks l^lb., 

' Tvliich gives in that case for the weight of the rod 

and spring 
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adding therefore tlios^ weights to those marked l>y 
the index of the balance, and taking; buoideH into 
account the weight of the lever, as mentioned above, 
we shall then have the real pressure produc:ed by 
the whole apparatus on the valve. Dividing it by 
the area of the valve, the result will be the [u-ewnure 
effected upon each unit of surface. 

From this we see that, with a long lever, tlit? 
error of pressure per square inch may amount to 
7lbs. or Slbs., and that, even with a short lever, it 
may be 3 lbs. or 4 lbs., which is still considerable. 

Keeping the preceding notation, that in to say, 
P being the weight shown by the index, T tin* 
weight of the rod and spring, L the weight ttf 
the lever, weighed as mentioned al>ove, ajid 13 the 
weight of tbe disk, lastly, BC and AC being tbu 
arms of the lever, and S tbe surface of the vaJve 
Id square inches, the pressure produced per unit of 
snr&ce wiU be 



It is for not having taken these consideratioiu 
into account that we find so often on locumotiTe 
engines spring-balances, which are tupjioeed Ui be 
fixed at oOlbs. pressure per inch, bat which are 
really fixed at 55lbs. or (lOlbs. We aball soon 
have frequent occasion to apply and Terift' tbeae 
principles, whicfi by thai means trill be i 
ptrfeetly dear. 
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§ i. Off/wMteroft/ie Valves. 



These are not the only causes from which error* I 
may result. There are two others which are fr»i | 
quently met with in the valuation of the pressure Q 
locomotive engines, and which are not so e 
correct as those we have just mentioned. 

In order that the valves may exactly close thai 
opening to which they are applied, without being* 
subject to contract an adhesion with the seat that 
supports them, it is necessary to make them slightly 
conical, or at least with a slanting border. Whei 
tbese valves rest upon their seat, which they confil 
pletely fill, it is very clear that the steam can only act 
upon their inferior surface ; consequently, the area 
we have here above expressed by .S, must be taken 
after the inferior diameter of the valve. By calcu- 
lating in that manner, the exact pressure will indeed 
be found for every case in which the valve still 
touched the seat, or, if raised at all, was only so for 
an instant, or in a very small degree ; but whenever 
the steam, being generated in greater quantitj' than 
it is expended by the cylindere, escapes with force 
through the valve, it raises considerably the disk of 
the valve ; the conseqnence then is, that, instead of 
acting on the inferior surface of the valve, it evi- 
dently acts on a greater surface, and which is the 
greater the more the valve is raised. For instance, 
in fig. ^0 it acts on the surface erf instead of acting 
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ou ah. In that case the area S ought to be calcu- 
lated on cd, and not on ab. But how are wc to know 
cd, unless we calculate it by the rising of the valve, 
which is a verj' difficult, if not an impossible, opcra^ 
tion? Moreover, the difficidty is complicated by 
the circumstance that, from a to 6 the pressure of 
the steam acts directly to raise the valve ; but from 
c to a and from b to d the action of the steam takes 
place only in a lateral direction, and according to 
an angle, which varies in proportion as the valve is 
more or less raised. 

The effect of this alteration in the diameter o 
the valve, which at first sight appears to be o 
verj' small consequence, is in fact very considerable 
Let us suppose, for instance, that we have a valve 
of 2,50 inclies diameter at the bottom, and 3 inches 
at the top, of which we shall find several examples 
hereafter. Let us further suppose that, by the 
effect of the blowing of the steam, the valve has 
been raised so as to have increased its real diameter 
only by one eighth of an inch ; that is to say, that 
it is become 2|^ inches instead of Q\ inches, or 
2.625 inches instead of 2.50 inches. The surface 
of the circle being expressed by ^ird', where d 
stands for the diameter and jr = 3.1416, the pro- 
portion of the circumference to the diameter, the 
surface of the valve, which was at first 

^ X 3.1416 X si..5 — I'.Ol Mquarc inches, 



CltAl'TKIl 11. 



has become 



i.H square inches. 



Consequently, if we suppose the total weight 
Bupported by the valve, including the levers, rod, 
disk, &c., to bo ^45 lbs., that weight, when the valve 
is shut, will represent a pressure per square inch of 

24.5 

— = .50 lbs.; 



and when the valve is raised, that same weight will 
only represent a pressure of 

~ = 45.^ lbs.; 
5.11 ' 

by which we see that the same weight marked by 
the balance corresponds to very different pressures 
of steam, when the valve is shut or when it Is 
raised. 

Continuing, in the case of a blowing-valve, to 
calculate upon what is called the diameter of the 
valve, that is to say, on its inferior diameter, an 
error will thus be cominitted of 5 lbs. pressure per 
inch, which error might be still greater if the 
raising of the valve should happen to be more con- 
siderable. Moreover, as there is uo practical 
means by which to learn by how much the diameter 
of the valve is augmented by the raising, the con- 
sequence wiU be that the mode of calculation ex- 
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plained here above, even with the corrections we 
have made, will apply exactly only to those cases 
where the valve just begins to be raised, or lets 
scarcely any steam esc4ipe ; but the greater the 
raising, the more the calculated amount will sur- 
pass the real pressure. We shall see hereafter 
examples of this. 

But still this is not all. If the pressure of the 
steam in the boiler must be deduced from measure- 
ments taken on the engine, it must also be observed 
that it frequently happens, in order to make the 
construction more easy, that the miter of the 
valve is made to join tlie sides of its seat only 
within a certain breadth, as may be seen in fig. 21. 
The consequence is, that the surface ah, or the 
inferior part of the valve, which has been measured, 
is not the surface upon which the pressure is di- 
vided. The real diameter in this case is cd. If 
therefore there be between ab and vd a difference, 
for instance, of one-eighth of an inch, this difference 
may produce, as well as in the case of the raising 
of the valve, a difference of 4 to 5 lbs. in the pressure. 
Mistakes may be avoided in that respect, by mea- 
suring not only the inferior diameter of the valve, 
but also the diameter of its seat. There still, how- 
ever, remains the blowing of the valve, the exact 
appreciation of which escapes all manner of calcu- 
lation. 

The mercurial gauge, which we are going to 
descrilxs is the means of avoiding bolh causes of 
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error ; but that instrumpnt is expensive, and as yet 
so scarce, that in all the factories and on all the 
railways, except the Liverpool one, there is at 
present no other mode of ascertaining the pressure 
than those explained above. 
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OF THE MERCURIAL STEAM-GAUGE. 

§ 1. Consiructioit and use of the Mercwrial Steam- 
gauge. 

The calculations we have made may be sufficiently 
exact for a great number of cases. iStill they pre- 
sent some degree of complication that makes them 
inconvenient ; besides, they cannot be made without 
measuring and weighing different parts of the en- 
gine, which operations require time and care, and 
can only take place wlien the engine is at rest. 
We may therefore easily conceive the great utility 
of an instrument which at first sight, and by its 
bare inspection, will give the exact measure of the 
pressure of the steam. By means of such an in- 
strument, all cases, even those of the raised valve, 
present no longer any difficulty, and the necessity 
of calculation itself may he dispensed with. The 
only thing required is, the possibility of submitting 
the engine to the proof. 

The instrument used with that view is, the mer- 
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urial steam-gauge, constructed on the same prin- 

Iciple as the common barometer. M bm (fig. 18) is 

I A tube containing mercury, which ought not to rise 

f «boTe the two points M and 7». FG is the water 

I reservoir. It must not contain water above the 

f cock E, the use of which is to get rid of the surplus 

I «f water that may have been produced by condensa- 

[ tion on some former experiment. R is an opening 

\ tilosed by a cock, and through which mercurj- or 

water mav, when wanted, be introduced into the in- 

etrument. Lastly, C is an ajutage on which a tube 

is screwed, the other end of which reaches the 

boiler of the engine. This tube is flexible, and 

usually made of tin ; it forms the communication of 

the mercurial gauge with the engine. At the point 

I ■where it reaches the engine, it is screwed on an 

' ajutage fixed to the boiler, and kept close by a 

cock. 

To prepare the instrument for use, an additional 
quantity of mercury is poured into it by the aperture 
R, in order to be sure that the instrument contains 
mercurj' at least to the height Mm. After this the 
screwbolt M is unscrewed, so that if there happen 
to be too much mercury it may run off. When this 
is done the screwbolt is replaced, and an additional 
quantity of water is also poured through R into the 
reservoir FG, and, should there be too much, it also 
runs off through the cock E. Then the instrument 
is put in communication with the boiler. The 
>steam, arriving through the tulH; L' in the upper 
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part of the reservoir FG. jmsses on the water tj^ 
virtue of its elastic lbrv« ; it coasnfaeiith' preiaes 
the mercurii' (Iowd in the bnmch MA, and makes it 
rise ID the bnuich mlt which is open at the top, 
until the vveight of the merrarr. thus raised, is 
equal to the pressure of the sicam issuing horn the 
boiler. A float borne on the sor&ce of the iner- 
cur)-, at the point ni, rises in juvporticm as that 
surface rises in the tube ; and an index suspended 
to a thread which passes over a co nun uni c atioo- 
pullev ;;, tails between the two lubes in pn^KwtUHi 
as the mercun- rises in the branch &m, and shows 
upon a graduated svale the variations that occur in 
the level of the mercury- in the different experi- 
ments. Supposing the length of the instrumrait 
froiu M to i be 6^ feet, or 78 inches, the ascending 
column may, if necessarj-, contain 156 inches of 
mercury; and as a column of loO inches of mer- 
cury with a basis of 1 square inch weighs abont 
SUlbs., such a column may serve to measure an 
effective pressure amounting to SO lbs. per square 
inch. 

The reservoir FG is a cyUnder 3 inches in dia- 
meter and C inches high. The use of the water it 
contains is to keep the branch Jli constantly full 
of water, in proportion as the mercury descends in 
that branch. This is the reason why that reservoir 
ia a great ileal larger than the tube, and its capacity 
ii calculated bo as to 1m; able, in case of need, to fill 
tlie whole tfrauch. If this precaution were to be 
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rflmitted, the water formed by condensation in the 
SBstrument during the experiment would fall in 
the tube, which being very narrow, having, for in- 
stance, no more than one-half square inch area, the 
water would immediately rise in it to a considerable 
height, and cause by that means a surplas of pres- 
aare which would make the result false. But by 
means of the reservoir FG, the condensation-water, 
m proportion as it is formed, is divided over a sur- 
fatce of 7 square inches, on which, consequently, 
it produces an imperceptible difference in height. 
As it is known that the pressure of the water on 
the unit of surface depends solely on its height, 
the consequence of this arrangement of the instru- 
ment is, that the surplus of pressure caused bv the 
condensed steam is so small, that it may be neglected 
without any inaccuracy. 

To graduate the scale of the instrument, we may 
begin by marking first the point zero. For this, 
the mercury and the water being poured in, as said 
above, the two branches must be left to communi- 
cate freely with the atmosphere, and tlie point 
where the index stops will bo the point sought, for 
that is the position which the float naturally takes 
when the branch Mi bears no more than the 
atmospheric pressure. If the two branches of the 
bent tube were to contain nothing but mercury, it 
is clear that the point corresponding to zero in the 
rising branch would be at m, as the mercury would 
in that case stand on a level in the livu branches. 
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Instead of that, the mercury in the branch M sup- 
ports a certain weight of water, that is to say, the 
weight of the column EM ; it will consequently 
tend to descend in that branch and to rise in the 
other. However, if the float is made to weigh as 
much as the column of water, the level will remain 
the same as if there were only mercury in both the 
branches. 

The other extreme point of the scale must after- 
wards be marked. Let nr be the pressure we want to 
equilibrate ; supposing the equiUbrium established, 
let .r be the height at which, by virtue of that same 
pressure w, the mercury will stand above its natural 
level in the branch m. The mercury having risen 
in the branch vi to the height x, it must have fallen 
by an equal quantity in the other branch ; for the 
mercury added on the one side can only proceed 
from what has been taken off on the other. The 
mercury in the branch M will therefore at the same 
time be at the point x', and the whole part of that 
branch from the point j:" to the point M will he 
filled by the water from the reservoir. If through 
I the point .*"' we draw an horizontal plane, the mer- 
cury which is under that plane will equilibrate 
itself in the two branches ; we have therefore no- 
thing to do with it, and need only consider the 
conditions of equilibrium for those parts which are 
above the plane in the two branches. Now, we have 
on the one side the jiressure w more the weight of 
a column of water high M j-' = x ; and on the other 
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side, we have a column of mercury high 3.t more 
the weight of the atmosphere. P being the weight 

_ j)f the column of mercury, P' that of the column of 
„water, and p that of the atmosphere, we shall have, 

Inhere being an equUibriuni, 



. + P = P' 



rP^F+(^_p). 



(w — p), which is the surplus of the real pressure 
of the steam over the atmospheric pressure, is called 
the efffictive pressure ; and in all high-pressure 
steam-engines it is this which is to be considered. 
The column of mercury, the weight of which we 
have expressed by P, having for its basis the basis 
of the tube which we shall express by fi, and for its 
height the height 2.r, its volimie will be 9.bx ; 
S representing tho density of the mercury, 9Zbx wiU 
be the mass of the whole column, and g expressing 
the accelerating force of gravitation, 2^Si,r will be 
weight ; that is to sav, that we shall have 



By the same reason S' being the density of the 
water, the weight P' of the column of water will be 
expressed by gZ'b.r, its basis being also b, and its 
height Mx" = x. But the density of the water 
being expressed by 1, that of the mercury is ex- 
pressed by 13.568 ; thus we have 



- or S' 



■nd (-onsequently 
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P = - 



On till' uliicr sidi', tlic effective pressure (« — j»), 
ill wliiitovtir tiiiiiincr it be expressed, may lie re- 
littu^inl by tlio weigJit of a column of mercury, that 
tttmid prmluco the same pressure on the basis b. 
If Uien k he the heit,'lit of that column, wliirh it is 
tmNy to (talculHte, we shall have 

w — fi = gZlih ,- 

Krid till- I'lpiiition of equilibrium will thus be 



'i"-^^)="- 



'I'liU i'i|imlioii jjiv 
.1' = A J 



- h K 0.51913. 



Till' liiti^lit. I) of II. column of mercury, which may 
rtt)M'iwiif u. ylven preMHure. is easily found ; for we 
klinw tl)»it II. I'liliiinn id' uu'reury, one inch high, 
\mm»i iiJl lti> biiolN lit Ihi' nite of 0.4<>l-8lb. per 
Hi|illil't> im Ik 'rite lieiuhl of luiy other column may 
|l)it« Im' |ti'ij|MirlloMiiblv tiileuliitcd. If, for instance, 
w» wioli il lo i'ti|iri'i>i>iM ti pvcssun- of 70 lbs., its 
llitltflll will Ih' I'oiiiiiI hv llie f'olloHiiifr piiijHirlion ; 
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9 that liy this value of h, x will be 

•r = U1.47in.x 0.51913 = (ift. l.^in.; 

lat is to say, that to correspond to an offectivc 
|ffessure of yOlbs., the height of the mercury must 
be 6 feet 1^ inches. 

The same calculation is applicable to any inter- 
mediate point that may be sought, but it would he 
unnecessary- trouble ; tor, knowing the point cor- 
responding to zero, and that wliich corresponds to 
the maximum pressure of the instrument, we have 
only to divide the interval into equal parts, and the 
scale will he suitably graduated, having seen that 
the general value of .*■ depends solely on the cor- 
responding value of /(, and is proportional to it. 

This mercurial gauge heing once constructed and 
graduated, whenever any doubt may be entertained 
in r^ard to the pressure of an engine, nothing 
more is necessarj- than to bring it under the instru- 
ment, and by that means the pressure may be ascer- 
tained, in whatever state the valve may be at the 
time, whether blowing or not. 

§2. Of fhe Pressure oft/ie Steam in Locofiiotim 
Engines while travelling. 



When we make use of the mercurial gauge to 
discover the pressure during an experiment, atten- 






.«« 



and the eSscz of ^ri Z3-T*a&i» :c -r^forc -«rZ :%» 51: 
much the mport r«?r.i?w:f:te :c -fn* f^^r:::*?. -ie "j*s? -ire 
resistance wa? wr3!ri ra? •min :«Rr«ii ▼bf^ :a -ir« 
lerel pans of tr>? ttaL It i -i^ns "iaz & jtiui :c :iit? 
ton, which oa a ler^tt r:*i TwirTzr*?* i Tn»!ri:c :c ^ 77^^^ 
aolvy presents iKariy >:^ir "±3!»!s «s ^niri if r: ias to 
ascend an aciiriT; -i^* ^-*— . lie rnnr^ :c ro* t-ic :r 
224011)6. csn thai izkziissCLtic :«=:x -U^ = ii^i 7-,i. 
The oooseqi&eace of ziaz s^iiien i=«ir»aa4»- cf r*«»;. 
anee is there foc e that dae ^n^zst^, ^s •<:«:c. is :' irTiTi?^ 
at the foot of the iDf£ned piaa». :nT22r rsiziac. rioii- 
sideraUf its velocirr. >ii»^:«n;r Tha: in its cr^- 
cedii^ coarse it ?pent tS.* ^lisrfet^ of sCiklzi p*»r 
minute, and in conseqaetK:**' of the «!r:ideTitaI ro* 
stacle it most overrronie, it is obii^^ to rviiru^ :•* 
Tclocitv to one-third of what ir w*» h**^>r»>, ir win 
evidentlr spend no more than lr>J cyHnden per 
minute ; nerertheless, the fire Tioletirly exr:iri»d by 
the preceding cotii^e will oontzniie :o i^Piierate the 
same quantity. That ?teanr. iz is me, will be 
spent at a sjesLier pressure ; hnr experience ahowa 
that the surplus rA presetire dc^s oo«: balance what 
is generated too nmch. The Take win rherefore 
begin to emit an enormocis qnandrj of ^w^rHMfM^ 
steam, which in order to '^^cape will ra2.«e the v^alTe; 
hut if we oteerre that the 74i7»> rjanr.o*: n3*=r xvhr.^t 
pusaiiiy on the =prin<r- and r:rjnieqneTi''Ij xirh^'r 
aagraentin^ ti^ tension of nhe •prir.-j', x<: f.W f.rA 
that the steam can onb rr*f:si^ rr- inrr^:-^.-*::./ .'-. 
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This increase of pressure in locomotive engines, 
when they meet obstacles that compel them to dimi- 
nish their velocity, gives the engines with long valve- 
levers eonaiderable advantage over those with short 
levers, whenever it is necessary to ascend an inclined 
plane. This advantage, it is true, is only gained by 
submitting the engine to ahigher pressure, and might 
also be acquired with short lever engines by lower- 
ing the screw of the spring-balance, so as to increase 
the pressure in the boiler in the same proportion ; 
but the fact itself would evidently seem the proof of 
a superior working, and would even be inexplicable, 
were we to look upon the pressure as never passing 
50 lbs. 

The variations in the pressure which we have 
just mentioned, take place while the engine is tra- 
velling, that is to sav, while it is separated from 
the mercurial gauge. Therefore, if an engine has 
been working in a given circumstance, or with a 
known load, and that we want to ascertain at what 
pressure it was then working, we must write down 
exactly, during the experiment, the degrees succes- 
sively inscribed on the balance ; then, when the 
engine has left off working, we bring it under the 
mercurial gauge, and by animating the fire suffi- 
ciently to make the balance repass through all the 
same degrees through which it rose during the 
work, and by observing at the same time the mer- 
curial gauge, we find for each of those degrees 
F 9 
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the corresponding pressare. That is the means we 
employed in our experiments. 

We brought successively under the instrument 
all the engines we had made use of, and for each of 
them, as they all differ in some point from one 
another, we determined the corresponding degrees 
of the mercurial gauge with the divisions of the 
spring-balance. 



§ 3. Experiments on the Pressure of Steam in the 
Locomotive Engines. 

As those experiments serve to illustrate the fore- 
going principles, as they give the amount of the 
effect produced by the miter and the additional 
parts of the valves, and as they, besides, are the 
foundation of some of the calculations we shall 
make on the engines, we shall here give an account 
of some of them, 

I. Atlas ; valve 'i^ inches in diameter ; miter 
8J inches, cut with a slant in the middle of the 
breadth of the \'alve, iis may be seen in fig. 9'2 ; 
levers 3 inches and 15 inches, or in the proportion 
of 1 to 5 ; second safety valve, similar to the first, 
but fixed at too high a pressure to blow in any of 
the oxjieriments. 

Till* cnyini' being brought to the mercurial gauge 
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on the 15th July, 31st July, and 6th August, 1834, 
gave the corresponding degrees as foUows : 



Degrees of the balance. 



No. I. 



No. II. 



No. III. 




10 
II 
20 

20.25 ... 

20.75 ... 

22.50 ... 

20.25 ... 

20.50 ... 

JdAt ... 

^O ... 

23.75 ... 

At^ ... 

30 

30.25 ... 

30.50 ... 

dd ... 

33.25 ... 

51.25 ... 

51.50 ... 

51.75 ... 

0£t ... 

52.50 ... 



Corresponding pressure 

per square inch, 
by the mercurial gauge. 




lbs. 


... 


4 


... 


15.25 


... 


15.50 


... 


25.50 


... 


25.75 


... 


26.25 


... 


27.50 


... 


24,75 


... 


25.25 


... 


25.75 


... 


26.25 


... 


27 


... 


28.25 


... 


33.50 


• . . 


34.50 


... 


35 


... 


37^ 


... 


38 


... 


54 


... 


54.50 


... 


S6 


... 


55 


... 


55.50 



In the first series of those experiments the de- 
grees of the balance were taken with the valve rest- 
ing on its seat, at least as much as possible, that is 
to say, the valve emitting scarcely any steam. To 
obtain this, the engine was brought to the gauge 
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when its work was finished, at the moment when 
the fire diminishing rapidly, the pressure also de- 
creased continually, so that the blowing at the valve 
became gradually lees, and at last ceased almost 
completely. In proportion as the pressure indicated 
by the mercurial gauge was diminished, the screw 
of the balance was loosened, in order that it might 
continue to show the inferior pressures that wei-e 
produced. 

The degree corresponding to zero on the balance, 
could not be taken exactly ; the balance having 
already fallen a little below zero when the index 
marked 4. lbs. 

In the second series of experiments the engine 
was, on the contrary, taken at the moment when 
the screw of the spring- balance being loosened on 
purpose, the boiler contained steam at 90 lbs. pres- 
sure only. By forcing the fire and tightening by 
degrees the screw of the balance, the above-marked 
degrees were produced, ajid the corresponding num- 
bers of the steam-gauge inscribed. We have seen, 
that in the first series all the degrees were taken 
with the valve resting on its seat. Here, on the 
contrarj', the pressure, augmenting rapidly in the 
boiler, raised continually the valve, so that all the 
degrees were taken with a blowing-valve. How- 
ever, as the screw of the balance was tightened in 
proportion as the pressure increased, the blowing 
, was never ven' considerable, and scarcely ever 
l&howed above 1 or 'ilbs. on the spring-balance. 
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In the third series, the engine was in its usual 
working state ; that is to say, the spring-balance 
marking 50 lbs, when the valve was shut by pressing 
upon the lever with the hand, and the valve rising 
beyond that point by the blowing of the steam, as 
far as the force of the steam was able to push it. 
As the screw was not tightened in proportion as 
the pressure augmented, the valve in this last case 
was raised much higher than in the preceding one. 

By examining the first series, we see that, in those 
experiments, the pressure hy the mercurial gauge 
is equal to the pressure marked by the spring- 
balance, with an addition of 5 lbs. 

In the second series, we have only -i lbs. to add to 
the degrees of the balance. 

And in the third series, only 3 lbs. 

Those differences are easily explained by referring 
to the preceding principles. 

The valve-lever of this engine, when weighed at 
the place of the valve, as explained above, gave 
74 lbs. ; the disk of the valve weighed 10| ounces ; 
which makes for those two objects together 8.14lbs. 
weight, directly applied on the valve. 

Besides, the total weight of the balance was I lbs., 
and turned upside down it n;arked half a pound, 
which g^ves for the weight of the rod and spring 



: 2.75 11 



This weight of '■2.75 [h»., acting at the end of the 
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lever, must be multiplied Ly the length of the lever. 
So that the whole addition to be made to the ten- 
sion marked by the spring, is 

2.7s X 5 ^ 13-75, effect of the rod and spring at tbe end of the 
fi.M, weight of the lever and Jisk of tho viilve. 
Sum '2l.f^9 
And as the diameter of the valve is ^^ inches, 
which gives a surface of -t-Gl square inches, those 
'21.8fJ lbs. divided per unit of surface or square inch, 
give 



So that the real pressure surpasses by 4 or 5lba. 
that which results from the spring of the balance. 

This result applies to the valve resting on its 
seat, that is to say, in taking Its diameter at 2^ 
inches, which gives us for its surface in square 
inches, and consequently for divisor, 4.91 ; but 
as, by the effect of the blowing, the effective area 
of the valve is augmented, we must not be sur- 
prised, if, by a moderate blowing, this addition of 
5 lbs. be reduced to 4lbs., and even to 3lbs. for a 
valve that blows violently. If, for instance, the cal- 
culation is applied to a pressure of 52 lbs. marked 
at the balance, we shall have 

(52 + 2.75) X 5 = 273.75 effect of the weight su^^pended at 
the end of the icver, including 
the rod and spring. 
8.1 * lever and valve. 

2«I.S!) total pressure. 
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Which, divided by 4.91 square inches, gives for 
each 57.41 lbs. 

But in reality the corresponding point of the 
mercurial gauge is only 55 lbs., the blowing must 
therefore have augmented the real area of the valve 
to 5.13 square inches instead of 4.91, that is to say, 
must have brought its real diameter to ^,55 inches, 
instead of 2.50 inches. 

So it is an addition of ^^ of an inch to 
the diameter of a valve of 9.50 inches, that has 
been sufficient to produce the difference of 2^ lbs. 
we observe here. That is tbe effect of the blowing 
of the valve, which as we see is considerable ; and 
it can only be known by tbe mercurial gauge, and 
not by any measures taken on the engine itself. 

II. Vesta; valve 2^ inches diameter; lever 3 inclies 
and 36 inches, or in the proportion of 1 to 12. Second 
valve of the same diameter as the first, with a lever of 2^ 
inches and 15 inches, or in the proportion of 1 to 6, marking 
50 on the balance, and giving issue to the steam at the 
same time as the first, but so difficult to move, that 5 lbs, 
more by the mercurial gauge causes no motion in it. This 
engine brought to the mercurial steam-gauge on July 28, 
and August 5, 1834, in the same manner as the Atias^ 
gave the following results :■ — 



Dtgree! of the spring-bnjan 



Coireaponding pressure 

per square iDch, 
by the mercurial gauge. 
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Degreea of the jpring-balniice. 



CorrespoQcimg presennj 
by the mercurial gauge. 



10.25 

10.50 ... 

10.75 ... 
12 

12.25 ... 

12J0 

12.75 ... 

13.25 ... 

13^ ... 

13.75 ... 

!'!■ 

No. II. 20 starting point of the valve. 



21.25 
21.50 



22.25 ... ... ... 5+ 

22-50 ... ... ... 55 

Tlie esperinients of the first series were made as much 
as possible with the valve resting on its seat; that is to say, 
that the screw of the spring-balance was tightened in pro- 
portion as the pressure augmented, so that there was 
scarcely any blowing. 

For those of the second series, the engine was brought to 
the mercurial gauge in its usual working state, with the 
spring-balance at 20, when the lever is pressed upon to 
shut the valve, and the degrees observed are those that 
result from the blowing of the steam beyond that point : 
that is to say, that those degrees are taken with a valve 
rising irom degree 20. 
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The valve lever of this engine being divided in the pro- 
portion of 1 to 12, every weight inscribed on the spring- 
balance produces on the valve a pressure 12 times as great. 
The surface of the valve is 4.91 square inches. Multiplying 
therefore the degrees of the balance by 12, and dividing 
the produce by 4.91, the pressure resulting from the spring, 
considered by itself will be obUdned. That calculation is 
generally considered sufficient. 

If the results thus obtained be compared with the cor- 
reqKHiding degrees of the mercurial gauge in the first series 
of experiments, it will be found that those results are always 
below the real pressure by 3lbs. or 4lbs. ; this must there- 
fore be the efiect of the weight of the additional parts that 
we aie considering. 

In SkI, the lever of this engine, reduced on purpose by 
the constmctor, weighs 15 lbs. at the place of the valve, llie 
disk of the valve weighs 10 ounces. The balance b not 
placed in its usual position ; it b turned upside down, so 
that the lever, instead of supporting the rod of the balance, 
bears only its foot. The weight of thb foot is 0.25 lb., for 
the wfade balance weighs 2 lbs., and when suspended with 
tlie rod downwards it marks 15 lbs., which b the surplus 
of the weight of the rod over the weight of the foot ; where- 
book lesoks that the weight of the foot is, as has been said, 
0.25 Ih. 

So that the addition owing to these different objects b 

Weight oftbek^eraiMldiBk of tlK valve 15/iO 

sf tike foot sufpeivkd Ui tine kver O/ISHk x 1 2 . %S]f9 



Sum . . . 1%/jO 

Tin additional weight divided over each square wii of 
the waAtx of the lalve inaLe? ^h lb*., v/ that the cakrula- 
tioD in the case f>i *m \^\^ re^tiii^ ^jti itr t*srt i* v 
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As for the cases of & blowing-^-alve, or those of the second 
series, the fact shows that the real pressures are less than 
they would be with a valve restiog on its seat by 4 lbs. or 
5 lbs., no other means existing of discovering that difference 
than by the mercurial gauge ; so that if we had calculated 
the pressure in this case in the same way as in those of a 
valve resting on its seat, that is to say, by dividing the 
whole weight over a surface of 4.91 inches, or a valve of 
2.50 inches diameter, we would have reckoned 4 lbs. too 
much in each case. It happens here that when the valve 
is considerably raised, the reduction, owing to the blowing, 
compensates at last for the addition required by the weight 
of the lever, disk, and balance-rod. 

These examples prove how faulty woiild be any calcula- 
tion of power or effect of engines, the real pressure of which 
had not been determined by manometrical processes ; and 
it has been already obser\'ed, that of all the railways at 
present in activity, the Manchester and Liverpool Railway 
is the only one where a mercurial steam-gauge is to be 
found. 

III. Firefly; valve 2.50 inches in diameter; miter 
3 inches ; levers 3 inches and 36 inches. This engine gave 
on the 2d of August, 1634 : 

Con'Cflpondmg prcssnre 
DfgTeoB of the balance. per aquoro inch, 

hy the mercurial gauge. 

lbs. lbs. 

17 starting point of the valve. 
17 ... ... 50 

'20 ... ... 51 

We see that, for this engine, the addition to be made to 
tlin i>r6Hsuro marked by the spring-balance is 8.5 lbs. per 
square inch for kwer, disk, and balance ; and that in the 




OF THE MERCURIAL GAUGE. 77 

cases of a blowing-valve, the reduction produced by the 
miter may amount to 6 lbs., this miter being really consi- 
derable. 

IV. Leeds; valve 3 inches; miter 3.125 inches; lever 
3 inches and 36 inches ; second valve screwed at too high a 
pressure to let any steam escape during the experiments. The 
engine gave, on the 28th of July, and 6th of August, 1834 : 



Degrees of the ludance. per square mck, 

"the 



Corresponding pressure 

per square inch, 
by tne mercurial gauge. 

lbs. lbs. 

No. I. 28 starting point of the valve. 

29.50 ... ... 50 

29.75 ... ... 51 

*y\j ... ... o I •iy 

30.50 ... ... 52 

%j I ... ... 0<J 

No. IL 31 starting point of the valve. 

»j^ ... ... iytf 

7j%j ... ... %jO 

O^r ... ... *J\^ 

^o ... ••• %y i ^o 

No. III. 32 starting point of the valve. 

V. Vulcan; with valves and levers exactly similar to 
those of the preceding engine ; second valve different, but 
also fixed too high to give any sign during the experiments : 
gave on the 28th of July, 1834 : 

Corresponding pressure 
Degrees of the balance. per square inch, 

by the mercurial gauge. 

lbs. lbs. 

31 starting point of the valve. 

^d • • • • • • 00..7 
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ARTICLE III. 



OF A NEW SPRING-BALANCE AND MANOMETER. 

§ 1. Of a proposed Modification to common Viihes. 

All the foregoing calculations are as many proofs 
of the difficulty of acquiring a knowledge of the 
real pressure of the steam by the inspection of 
the spring-balances, so as they are at present- 
constructed, and the mistakes that must neces- 
sarily occur, whenever we have no mercurial gauge 
at our disposal. 

These difficulties might evidently be avoided by 
adopting a new disposition for the valve, of which, 
during oiir stay in Liverpool in the month of July 
1834, we left a drawing with one of the directors 
of the railwav company. 

The fulcrum of the lever must be placed between 
the valve and the spring-balance, as in fig. I7, and 
the balance suspended by its rod as in common 
weighing ; besides, the long branch of the lever 
must equilibrate round the fulcrum C, with the 
short branch more the disk of the valve, which can 
be easilv effected by augmenting a little the breadth 
of the shortest lever, or by putting some additional 
mass of metal under the valve. Lastly, the propor- 
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tion between the two branches of the lever must be 
the same as that of the area of the valve to the unit 
of surface, and the scat of the valve must be fitted 
to it exactly. 

By means of this simple disposition, it is clear 
that the degree inscribed on the balance will show 
immediately, and without any calculation, the effec- 
tive pressure which take^ place in the boiler. In 
fact, 1. The spring-balance being placed in Its usual 
situation, in which the weight of the foot P is 
taken into account, no addition will be required for 
t he weight either of the foot or the rod. 2. The 
two parts of the lever equilibrating with each other, 
there will be no addition required for the weight of 
the lever or the valve. Lastlv, the branches of the 
lever, bearing to each other the proportion of the 
area of the valve to the unit, anv number inscribed 
on the balance will represent an equal pressure on 
the unit of surface of the valve. 

Thus this valve will dispense with all calculation, 
and will show immediately written on the balance, 
the real pressure per square inch. It will exactly 
answer the conditions required of a valve, which is 
intended only to limit the pressure ; that is to say, 
that if we fix it at 50, we may be certain, without 
any calculation or consideration whatever, that the 
steam will raise it precisely at 50lbs. pressure per 
square inch. This is all that is commonly required 
for the business of a railway, where the proprietors 
only wish, through prudential motives, that the 
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engine may be regulated according to a deter- 
mined pressure. 

In case of theoretical experiments on certain cir- 
cumstances of the motion of the engines, a deduction 
must still be made for the effect of the miter iu the 
blowing ; and in these cases, recourse must still be 
bad to the mercurial gauge : but we are also going 
now to propose a portable instrument, capable of 
being used instead of it ; and which, besides, does 
not require the use of the above-described valve. 



§ 2. Of a new portable Manometer, calculated to 
replace the Mercurial Gauge. 

We have observed, that at present when vre wish 
to know at what pressure an engine was working 
in a given circumstance, it is necessary, after the 
experiment, to bring it to the mercurial gauge, in 
order to know the pressure that corresponded with 
the different degrees of the spring-balance, observed 
during the work. 

This second experiment, which must succeed the 
first, is of itself an inconvenience. Besides it is 
necessary, in seeking the pressures, to replace all 
things precisely in the state in which they were 
during the trial of the engine. In fact, we have 
seen that a valve fixed at 32 lbs. as starting-point, 
and blowing at 3G, may represent 67 lbs. pressure, 
whilst that same valve having its starting-point at 
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8 1 llw., tlip same dejjroc of Sti may onlv correspond 
with (i'illw. The si»eoD(l valve must also hare been 
obtH'mnl tUirins the work, and be replaced preciselj- 
ut iho smui' point ; for if it be loosened, it will give 
ixKUi) to A OTiain quantilv of steam, which eke 
woukl iHHtwsHfily have been forred to escape throogfa 
(ho tirst. Ami thus hare autnnent^d the pressure. 
t.«sllv, (he eni!ii>e-ine«i have an inieresl in c oa cfi - 
il(>f (ho tnw pressure of the engines, tar fear ni 
l\mr Uii^t •U^e^ to reduce it. Thn cilndiiu 
lh«l \t wwiM daiwA the speed of Atir eovi^ 
ami tK(c« kiMft dbm iMpr «■ tfe nad. !■ tam- 
w\limh\\ ll«*y »•« «* imoBtm, sewedr, Ae ii nu d 
\«h^\ Mwt WtW frow »»«* *» *™^ the ln«iv ■ 
itnW it« MU^Mont the vthct of the miter whk riiA 
i\m My v«>n- well acquainted, bat they aba ■■»> 
itmoM Nlip A metal plate, imder the pto wliA 
Itit^jtiioH on the valre, in hopes of de cei i ia g la 
vPKttrtt (o the real degree of the faalarace, 

Thii prtieAUtions necessary to be taken in seeki^ 
i\w iiiTKHiiro, make that research more fintidioas 
lliMJi i> would seem at first sight, when one has a 
tuiiniiipiiil gtiugc at one's disposaL To this most he 
lulildd, that the steam necessarily cools in the long 
[tHMHH^e from the engine to the instrument. It is 
forrocl to follow a metalUc tobe 8 or 10 feet long 
hy IiiiH'aii inch in diameter, and must conseqnentb- 
iirrivt* nil tho mercury with a less degree of pressure 
than ill tho boiler. 
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These difficulties proceed evidently from the im- 
poasibility of fastening tlie mercurial gauge to the 
engine ; for if that could be done, one might read 
on it the pressure immediately during the work, 
and no second experiment would be necessary. 

We are therefore of opinion, that that instrument 
might be advantageously replaced by the following 
one : — 

The engine having its two safety-valves as usual, 
and constructed in any way, R (fig. 19) is a cock 
fiied on the boiler, and susceptible, when wanted, 
of giving issue to the steam it contains. The ori- 
fice of the cock bears on the outside the thread 
of a screw, in order that the instrument may be 
screwed to it. The upper part of the figure repre- 
f aents the instrument itself. It presents a tube 
which is to be joined to the ajutage of the cock R. 
These two pieces being brought next to each other, 
and bearing each of them the thread of a screw 
on the outside, a moveable screw E, unites them 
firmly to each other, as long as the experiment lasts, 
as may be seen on the figure. Then turning the 
cock R, the steam will have access into the tube of 
the instrument. 

Besides, A is a valve, the area of which is one 
square inch, or any other unit of surface, according 
to that which one wishes to employ for measuring 
the pressure. This valve, while tending to rise, 
acts against a lever AC, the opposite end of which 
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is kept back by the presBurc of a spiral epring, 
forming a common spring-balance. The two 
branches of this lever are equal, and their recipro- 
cal weight, including the disk of the valve for the 
corresponding side, equilibrate exactly round the 
fulcrum C. Lastly, the point S is fastened by a 
screw to some part of the boiler, in order to give 
solidity to the whole. 

The instrument being thus fastened to the engine, 
and the cock opened, the steam will act against the 
valve, and the consequence of the dispositions we 
have explained will be, that the inspection of the 
balance will immediately give the real pressure per 
square inch. In fact, by the position of the balance, 
there is no addition to be made for the weight 
of the rod or foot ; the equilibrium of the lever 
renders also unnecessary any correction for its 
weight ; and lastly, the two common valves of the 
engine giving issue to the surplus of the steam, 
the valve A will never blow. The screw may thus 
be lowered, until the balance equilibrates exactly 
the pressure of the steam, by which means no effect 
of miter will complicate or falsify the result. 

The facility with which the real pressure may be 
found, without being obliged to make purposely a 
second experiment; the accurateness of the observa- 
tion, the steam not having a long passage to make 
before it arrives at the instrument ; the advantage 
the instrument presents of being carried with the 
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engine, and, when necessary, fastened to any other 
engine ; lastly, its low price, whereas the mercurial 
steam-gauge is very expensive : all those reasons 
comhine to persuade us that this manometer may be 
of some use. With it, all the difficulties we met 
with in our experiments would immediately have 
disappeared. It may, besides, also serve to deter- 
mine the pressure, as well in locomotive engines, as 
in any other high or low-pressure steam-engines. 

The aceurateness of the instrument may easily 
be verified once for aU ; 1, by measuring the valve 
when separated from the engine ; % by examining 
whether the lever equilibrates of itself on the ful- 
crum ; 3, by taking the balance off and suspending 
known weights to it, to see whether they coincide 
I *with the divisions. 

§ 3. Comparative Table of the different Modes 
of expressing the Pressure of Steam. 

To complete what has been said in this article, 
and to facilitate to the reader the converting of the 
different measures of pressure, which we shall be 
obliged to make use of in the course of our work, 
we subjoin here a table of the different modes of 
expressing the pressure of the steam. We have 
calculated it by half atmospheres, but the interme- 
diate degrees may be easily filled up. 
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COMPARATIVE TABLE OF THE DIFFERENT MODES OF 
EXPRESSING THE PRESSURE OF THE STEAM. 



Total Prbssurb of the Stbam. 


Surplus of that force over the atmospheric 
pressure, or effective pressure. 


In 


In 


In lbs. 


In lbs. 


In 


In 


In lbs. 


In lbs. 


atmos- 


inches of 


per square 


per square 


atmos- 


inches of 


per square 


per square 


pheres. 


mercury. 


inch. 


foot. 


pheres. 


mercury. 


inch. 


foot. 


1 


30 


14.7 


2,117 


• • • 


• • • 


... 


. • • 


1.5 


45 


22 


3,175 


0.5 


15 


7.3 


1,058 


2 


60 


29.4 


4,234 


1 


30 


14.7 


2,117 


2.5 


75 


36.7 


5,292 


1.5 


45 


22 


3,175 


3 


90 


44.1 


6,350 


2 


60 


29.4 


4,234 


3.5 


105 


51.4 


7,409 


2.5 


75 


36.7 


5,292 


4 


120 


58.8 


8,467 


3 


90 


44.1 


6.350 


4.5 


135 


66.1 


9,526 


3.5 


105 


51.4 


7,409 


5 


150 


73.5 


10,584 


4 


120 


58.8 


8,467 


5S 


165 


80.8 


11,642 


4.5 


135 


66.1 


9,526 


r 


180 


88.2 


12,701 


5 


150 


73.5 


10,584 



CHAPTER HI. 



OF THE RESISTANCE OF CAKHIAGES MOVED ON 
RAILWAYS. 



§ 1. Necessity of making farther researches on 
that subject. 

From the description we have given of the engine, 
we see that the steam, by acting on the pistons, 
communicates to the wheels a rotatory motion, which 
must necessarily make the engine advance, provided 
the train that follows, does not oppose a greater 
resistance than the force of which the engine dis- 
poses. 

The first point therefore which must be consi- 
dered concerning the motion of locomotive engines 
is the resistance opposed by the trains they draw. 

Those trains consist of a more or less consider- 
able number of carriages called waggons, upon which 
the goods are loaded. Their resistance to the 
motion depends not only on their weight, but also 
on the state of the railway, and the more or less 
perfect construction of the carriages. The purpose 
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of the establishment of a railway being to produce 
a perfectly hard and smooth road, on which the car- 
riages mav roll with ease, if the railway is not kept 
in good order, or if it does not answer the intentions 
for which it was established, it is clear that the 
resistance the train will oppose along those rails 
will be so nmch the greater. The same will also 
take place if the carriages, being ill-constructed or 
badly repaired, have a considerable friction. 

From this observation, we see that the power 
required to draw a given weight, a ton for instance, 
cannot be the same upon all railways, nor with all 
sorts of carriages. On perfectly smooth rails, and 
with a well-greased and well-constructed waggon, the 
draft of a ton may require only a power of 8lbs. 
We mean to say that a weight of 8 lbs. suspended at 
the end of a rope passing over a pulley, will, in that 
case, be sufficient to make a loaded carriage, weigh- 
ing a ton, move forward. On another railway, on 
the contrary, and with carriages of another con- 
struction, the same load of a ton may require a 
power of lOlbs., and perhaps more. 

The old waggons, on which some experiments had 
been made, required a power of lOlbs. to 12lbs. for 
each ton weight of the load. Since that time, the 
carriages had been brought to greater perfection, 
and had never been submitted to any experiment 
made on a large scale, and in the usual working 
state. At tho time of the introduction of the new 
waggons at Liverpool, one trial had been made with 
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a single waggon, 
coming out of the h; 



and 



jast at the moment it was 
s of tlie maker. But as that 
waggon had been carefully oiled on purpose for the 
experiment, and as it had not yet encountered any 
shock by which the axles miglit have been bent, the 
wheels warped, or the hind wheels prevented from 
following exactly in the track of the fore ones ; and 
as, moreover, the rails had been nicely swept, the 
result of such an experiment could scarcely he con- 
sidered as a common practical result ; and, in fact, 
the friction of the trains continued to be cdcidated 
on the I^iverpool Railway at the rate of lOlbs. per 
ton. These uncertain data could not be admitted 
in a new work on the subject. 

It became therefore necessary for us to find an- 
other base for the calculations that were to be made 
on modem waggons. However, the occasion which 
gave rise to the experiments we are going to relate, 
occurred in the work of the locomotive engines. 
They pointed out themselves, in a way, the errors 
committed in the appreciation of the resistances 
they overcame. This point is worthy of notice, as 
it proves at the same time both the perfection of the 
engines, and the correctness of the calculations, to 
which it is possible to submit them. It inspires con- 
sequently more confidence in the other results which 
were obtained in the same way, and it is for that 
reason we mention it. Having made, during our 
stay at Liverpool, in 1834, a great number of experi- 
ments on the power of locomotive engines, we found 
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that one of those experiments, made with the Atlas, 
and which we shall have occasion to relate here- 
after, appeared to exceed the limits of the power of 
that engine. The Ati,as had, on July 23, on an 
inclined plane at ■^;^y^y^y, drawn iO waggons, weighing 
190 tons, and the diameter of its cylinder was only 
12 inches. According to the ideas admitted on the 
railway, on the resistance of the trains, this fact 
could only be explained, by supposing either that the 
proportions of the engine were not exactly what 
they were thought to be, or that the railway had a 
different inclination from what was computed, or 
the train a different weight from that inscribed on 
the weighing books. Other experiments, however, 
ma<:le by us with other engines, in other circum- 
stances, and in other points of the railway, having 
given similar results, we were already convinced 
that the friction of the waggons could not exceed 
8 lbs. per ton, and that the mistake lay there, unless 
we preferre<l supposing that mistakes had been 
made in the dimensions of all the engines, and in 
the levelling of all the parts of the road. 

It became, therefore, necessary to ascertain the 
fact in a direct manner, by estabhshing a series of 
experiments for that purpose ; but it wa-s particu- 
larly satisfactory to have been led to the knowledge 
of the truth by the calculation, as the experiment 
became thus the verification of it. 
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§ '2. Of the Friction determined hi/ the Dyna- 
moineter. 



The most natural means of determining the fric- 
tion or resistance of the waggons, seemed to be the 
dynamometer, which gives directly the force of 
traction required to execute the motion ; but as the 
act of drawing, either by men or any other living 
moter, takes place by starts, the dj-namometer 
oscillates between very distant limits, and can give 
no certain result. It appeared, however, to us, that 
if the draft were effected by an engine, the effort of 
which is always equal, and the motion regulated by 
the mass of the train itself, the oscillation of the 
dynamometer would not be so great, particularly if 
the instrument were to be fastened to one of the 
last carriages, on which the pulsations of the engine 
have naturally much less effect. 

Therefore, at the moment the Leeds engine was 
setting off with a train of 19 waggons, after the 
whole mass had been put in motion, and while the 
motion continued with an uniform velocity of three 
or four miles an hour, the chain of the three last 
carriages was unhooked, and replaced by a circular 
spring-balance, which had been prepared for the 
purpose. The rod of the balance was fixed to the 
frame of the ninth waggon, and the three following, 
which were the last of the train, were fastened to 
the spring. The expcrinaent took place between 
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the milestoDes one and a half and two of the Liver- 
pool Railway, on a space of ground which is a dead 
IcveL 

We expected to see the index of the balance 
remain nearly steady ; but wc were disappotDted. 
Its average position was near the point marking 
lOOlbs. -, but it underwent veni- great variations, 
that is to say. £rom 50lbs. at least, to 170lbs. at 
most ; and even two or three times, at certain ex- 
traordinarv starts of the engine, the needle ran to 
the end of the balance, marking '2^ lbs. As, how- 
ever, this case happened only accidentally, it could 
not be considered as an effect of the regular draft : 
and, indeed, after the shock which had caused this 
extraordinarj- excursion, the needle immediatetv 
returned to its usual point of lOOlbs., and began 
again its oscillation between 50lbs. and 170lbs. 
After having, to no purpose, waited to see whether 
the motion would become more regular, we con- 
cluded that the experiment was not susceptible of a 
greater degree of precision. 

The variations of the needle between dOlbs. and 
lyOlbs., gives an average of llOlbs. 

The three waggons weighed together 14.27 tons. 



per ton. 

It is important to remark, for what will be said 
hereafter, that this esporimcnt was free from the 
direct resistance' ot" the air ; for these three waggons 
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being the last of the train, underwent from the air 
only a very inconsiderable lateral resistance, parti- 
cularly as the speed was only three or four miles an 
hour. All the direct resistance of the atmosphere 
took place on the first carriage of the train, with 
which our experiment had nothing to do. 

This approximation, as it was, might be useful, 
but it was thought necessary to obtain more positive 
results. 

In consequence, a convenient place having been 
chosen on the Liverpool Railway, at the foot of 
Sutton inclined plane, and at a distance of 11^ 
miles from Liverpool, the level was taken in the 
most accurate manner, to a tenth of an inch, and 
the experiments commenced on the following prin- 
ciple ; — 

§ 3. Of the Friction determined by the Angle of 

Friction. 

Let us suppose a heavy body left to itself on an 
inclined plane AB (fig. 23), and sliding without 
friction to the foot of the plane ; let us suppose at 
that point another plane, being the continuation of 
the first, and on which the same body continues its 
motion. 

The body will descend along the plane, by virtue 
of its gravity ; but that force will act only partially : 
it will be decomposed into two others, one perpen- 
dicular to the plane, which will be destroyed by the 
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resistance of that plane, and the other in the sense 
of the plane, which will have its full effect, and will 
be the accelerating force of the motion. If there- 
fore g express the intensity of gravity, and ff the 
angle of the plane, with a vertical line, the accele- 
rating force of the motion wUl be 
ip = g' cos if ; 
but the general expression of any accelerating force 

is p = -r, V being the velocity, and t the time ; 
coneequentlj 

g cos 6' = -:-. 

Besides, when we consider only an infinitely small 
interval of time, any motion may be regarded as 
uniform, which, by expressing by a: the space passed 
over, gives 



Thus the equation above becomes 

VV =: g cos d' X. 

Making the integral, and observing that the velo- 
city is zero at the starting point, or that .r — o gives 
V = o, we have 



: g cos 6' T. 
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This equation gives the velocity of the moving body 
in any point whatever of the first plane. 

Consequently, if we express by xf the distance of 
the point B, from the starting point, measured along 
the plane, the velocity of the falling body, when 
arrived at that point, is 

V* = S^g- cos ^ y . 

This is the velocity the body has acquired, at the 
moment it is going to pass from the first to the 
second plane. This velocity being applied to it in 
the direction of the first plane, would produce, in 
the direction of the second, only a certain velocity, 
resulting from the relative inclination of the two 
planes, if the passage from the one to the other took 
place abruptly. But if the passage is efiected by 
a continued curve, we know that there will be no 
loss of velocity, and the body will begin its motion 
on the second plane with the same velocity it had in 
leaving the first. This will, therefore, be its velo- 
city in beginning its descent on the second plane. 

The body will, besides, continue to be impelled 
by gravity, ff' being the angle of inclination of the 
second plane with a vertical line, the gravity will 
produce an accelerating force 

(p' ^ g cos ff' ; 

and by a calciilation similar to the former, we will 
also have on that plane, 

t?* = %cos^':r -f C. 
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In this equation, C is determined by the condition 
that x = o must give for v the incipient velocity of 
the second motion j and as we have seen that this 
incipient velocity is 

V = ^g' COS 0' •l-', 

it follows that 

C = %• cos ^ x'. 

Substituting that value of C, the velocity in any 
given point of the second plane is expressed by 

«' = Qg cos 6"j: + Sg- cos fl' y . 

Further z" and z" being the vertical heights gone 
through on each plane by the movuig body, we have 

s' cos 6' = z", ajid .r cos 6" = z". 

Consequently the equation may be written in the 
following form : 

v' = QgCz'-\-z'0; 



by letting z express the vertical height of the point 
where the moving body is below the starting point. 
This is therefore the equation of the motion, in 
the case of a body moving without any friction or 
resistance whatever. In that equation we see that 
we can only have y = o, when z — o; that is to say, 
that the body once put in motion, will not stop until 
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it has re-a3cended the second plane to the height 
of its starting point, that second plane being then 
supposed to be inclined in an opposite sense to the 
first. 

But if the body moves with friction, experience 
having proved that friction does not increase with 
the velocity, it will act as an uniformly retard- 
ing force, contrary to the gravity along the plaue. 
By the introduction of that new force, the accele- 
rating forces of the motion on each of the planes 
will no longer be 

g cos ff, and g cos 6" ; 
but 

g cos 6' — y, and g cos 0" — f, 

J' being the expression of the retarding force owing 
to the friction. 

In that case the velocity in any given point m of 
the second plane, the distance of which to the point 
B is expressed by .J", will consequently be 

u' = 9 (g- cos 6" — /) J' + 9 (^ cos ff — J") y. 

Effecting the Indicated operations, and substituting 
z" for X cos 6", z" for .r" cos 6' and z tor z" + s", we 
have 

"•- a fe^ -/{■'•' + ■'■)]; 

which equation gives the velocity in any point of 
the motion of the planes, taking the friction in con- 
sideration. In that case we see by the equation 
that we cannot have w ^ o, unless z ^: o, x' r= o, 



98 CHAPTER III. 

* = o, that is to say, at the boginning of tlie motion ; 
or unless we have the equation 

gz—f(j^ + x)=:o. 
If, therefore, a hody once put in motion stops at 
any point, m for example, that point must fulfil the 
above condition, or we must have 

^= =,/(■'- -■«■). 

If we multiply the two members of that equation by 
M, mass of the moving body, we shall have 

gMz = fU (.V + 3,'). 
The quantity g being the action of the gravity on 
one of the elements of the body, ^M is its action 
on the whole of that body, or its weight, which we 
shall express by P. Also, /"is the retarding action 
of the fiiction, as relates to a single element of the 
moving body. But the friction being proportional 
to the weight, /"M is the friction when we consider 
the whole mass of the body. Expressing, then, that 
friction by F, and making those two substitutions, 
the equation may be written in the following form : 

Pz = r(.r +..')■ 
Let us suppose then, that, having left in the he- 
ginning the moving body free on the inclined planes, 
it has descended to the point ??;, for instance, and 
has not gone farther ; that point must necessarily 
fulfil the above condition, else the moving body 
would not have stopped there. If, therefore, we 
measure on the spot the quantities z, x and j/, and 
know the weight P, the equation will contain no 



OF THE RESISTANCE, ETC. 99 

other unknown quantity but F ; so that equation 
will give us its value, viz. 

F = P^^. 

Consequently, when a body of a given weight P, 
placed in the above-stated circumstances, stops in 
descending at a certain point m, the value of the 
Jriction that stopped it, will be found by dividing the 
total height from which the body descended hy the 
total distance which it travelled over. 

This determination once made, it is clear that if 
we were to construct an inclined plane, the height 
of which were z, and the length x-\-:i^, and if we 
were to place the body on it, it would remain in 
equilibrium. In fact, the gravity that tends to 
impel the body onwards would be exactly equal to 
the friction that retains it. 

The ratio , gives us, consequently, what is 

called the angle of friction ; and it is for that reason 
that we have also called by that name the principle 
we have explained, and which wc shaJl make use of 
' in the following experiments. 



§ 4. Experiments on the Friction of Waggons. 

A series of experiments was accordingly under- 
taken on that principle, upon one of the inclined 
planes of the Liverpool and Manchester Railwav. 

From a point taken on Sutton inclined plane, at 
50 chains from the foot of that plane, 34 distances 
H 2 
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hains or 330 feet each were measured. 
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On the ground where the experiments took place, 
a little beyond the foot of the inclined plane, the 
waggons had to cross three junction roads, each of 
them necessitating the passing over three switches, 
as may be seen in fig. 24. This made in all nine 
switches, either on one side of the rails or the other. 
On passing each of these obstacles, the waggons 
received a jolt from the unevenness of the road, and 
their velocity was checked. The ground was conse- 
quently unfavourable for experiments, and made 
the friction appear rather more considerable than it 
really was. 

The waggons used for the experiments are of the 
following construction. They consist of a simple 
platform, supported on four springs. Their wheels 
are three feet in diameter, and fastened to the axle- 
tree which turns with them. The body of the 
carriage rests upon the axletrees, but outside the 
wheels ; that is to say, that the axles are prolonged 
through the nave, in order to support the carriage. 
At the bearing they are turned down to 1^ inches 
in diameter. The chair is made of brass at the 
bearing-point. In its upper part it contains grease, 
continually feeding upon the axle through a hole in 
the chair, and the waste of which is prevented by a 
cover on the underside of the chair. The grease- 
box, which is filled every morning, is sufficient for 
the whole day. In the experiments, no alteration 
whatever was made to the usual dispositions ; 
everything was left as it is in the daily work, as 
well in regard to the waggons as to the rails. 
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Among the waggons there are some, the extremity 
of the axle of which, instead of heing from one end 
to the other of an unitbrm diameter of 1^ in., is 
thickened near the frame of the carriage by ^ of an 
inch, and is on the contrary diminished a^ much at 
the other end. Conaequently, that part of the axle 
is composed of three cylindrical parts equal in 
length, and the diameters of which are, ^^, 1^, and 
1^ inches. 

Thia disposition is adopted, in order to leave the 
mean diameter as it was at first, but to give, how- 
ever, a greater strength to the point which appears 
to suffer the most. There are, nevertheless, but 
few Bxletrees constructed on that principle, they 
having been only meant as a trial, the advantage of 
which has not yet been coniirmed by experience. 

I. On July 29, 1S34, five waggons taken at ran- 
dom, and loaded with bricks, were brought to the 
spot fixed for the experiments by the Sun engine. 
The train was followed by a sixth empty waggon. 
The weight of the five waggons together, accurately 
taken with their load, amounted to 30.65 1., and in- 
cluding the weight of ten persons, not weighed with 
them, to 31.31 1., or to tj.26t, per carriage. 

The middle of the train having been carefully 
placed facing the starting point on the plane, and 
the engine being taken away, the brakes were taken 
t^ail at once, at a given signal, and the five waggons 
were left to their gravity on the plane. They con- 
tinued their motion till 33 ft. beyond post No. 30, 
having thus run a total distance of 9933 ft., with 
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a difference of level, between the points of departure 
and arrival, of 38.55 ft. 

By recurring to the principle laid down abovci 
we had, in this experiment, .r + y=:9933 ft., 

3 = 38.55 ft., and the friction was the — — or 

9933 258 

of the weight. Consequently, the friction cf a ton was 

=: = 8.69 lbs. This friction, however, 

258 2^8 

included the resistance of the air, and was aug- 
mented by the above-mentioned circumstance, of 
the passage of nine switches at the foot of the 
plane. 

II. After this first experiment, 300 bricka were taken out 
of each of the waggons. The weight of 100 of those bricks 
having been carefully taken, and found to be 856 lbs. ; this 
was, consequently, an alleyiation of 2,d65lbs. or 1.145t.fbr 
each carriage. The weight of the five loaded waggons, in- 
cluding the same ten persons, amounted thus to 25.38 t. 
or 5.12 1, for the average weight of each of them. 

In this state the waggons were brought back to the same 
starting point as at first, and left again to their gravity on 
the plane. They continued their motion until 84 ft. 
beyond the post No. 28, having gone through a total distance 
of 93-24 ft. on a difference of level of 38.19 ft. , In this 
secoud experiment the fiiction was j^ of tlie weight, or 
9.17 lbs. per ton: so the resistance per ton was less in the 
first case than in the second. 

The waggons were then for tlie third time brought back 
to the starting point, and each of them was successively and 
separately left to itself on tlie plane, as also the empty 
waggon, when they gave tlie following results : — 
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V. 
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...5.00,.. 


... .flopped by mirtake.. 








150... 


...4.85... 


...stopped by DUsUke,. 






i'l empty waggon 


202... 


..1.B5... 


....(i^04 3e.7S... 


-TiB- 


...13.28 



The waggon, No, 100, at the moment it arrived, had one 
of its axle-boxes very hot, which explains why it did not 
continue its motion as far as the others, though equally 
loaded. The empty waggon was very low, being formed 
only of a platform surrounded by an open railing. 

According to these experiments, each of the loaded wag- 
gons, taken separately, had an average friction of 11,3 lbs. per 
ton J and those same five waggons, united together in a train, 
had only a friction of 9.17 lbs. per ton. The difference in 
favour of a greater number of carriages was evidently owing 
to the resistance of the air, tlie effect of which only takes 
place on the firet carriage. If the trtun is composed of only 
one waggon, that one must bear alone the whole resistance; 
but if it is composed of several, the resistance of the air 
remaining the same, is divided between all the waggons, and 
becomes consequently less perceptible on each of them. 
The same effect may be obsen-ed in the first experiment 
compared with the second. The number of carriages was 
the same in both, but the first trfun being more heavy, the 
resistance of the air was distributed between a greater 
number of tons. 

It appeared therefore necessary, in order to complete our 
investigation, to make other experiments, with trains of 
different weights and in different circumstances. In the 
following experiments the waggons were no longer loaded 
with bricks, but with goods of different sorts, such as were 
furnished by the trade in the common business of the 
railway. 

VII. The following day, July 30, a train of 19 loaded 
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wagons was brought to the same place by the Mars engine. 
The 19 waggons weighed together exactly 9*2 tons, giving 
4.84 tons for the average weight of each of them. The train 
was again stopped on the plane, so as to make the middle 
or centre of gravity of the mass exactly facing the post 
No. ; and the whole was left to its gravity as m the fore- 
going experiment. ITie mass being put in motion, stopped 
at 168 ft. beyond the post No. 32, So the sj)ace gone 
through was 10,728 ft., and the difference in level between 
the starting and stopping points was S8.85 fL, which 
made the friction equal to ^^^ of the weight, or 8.11 lbs. 
per ton. 

VIII. The same day the same experiment was made with 
the tender of the Jupiter engine, which stopped at 27 ft. 
beyond the post No. 18, and its friction was, consequently, 
including the resistance of the air, i-Jj, or 13.76 lbs. per 
ton. This tender is nothing but a. waggon of a particular 
form, giving, comparatively, a considerable hold to the air, 
particularly when it is not much loaded. The tender of the 
JiipiTEK was then nearly empty, having only sufficient pro- 
visions to bring back to Liverpool the pei'sous that were 
present at the experiment. 

This as well as the preceding day's experiments were 
made jointly with Mr. H. Earle, one of the directors of the 
railway; Mr. J. Locke, engineer of the Grand Junction 
Railway ; Mr, King, of the Liverpool Gas-works, and other 
persons more or less directly counected with the adminis- 
tration of the Company. 

IX. On the 31st of July the tender of the Atlas engine, 
then weighing 5^ t., was left to itself from a point situated 
at 84ft. below the post No. 1. It stopped at 90 ft. 
beyond the post No. 23, having run over a space of 7,266 ft. 
by 3'2.88 ft. descent, which gives for the friction ^^y, or 
1 0.13 lbs. per ton. 
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X. Th« Mitne day the train led by the same Atlas eogine, 
GumpOMtd of 14 waggons, weighing together 61.35 1., was 
loft to it» grUTity on the plane from a point situated at 
24 ft. abnve the post No. 1. Not hav-ing at our disposal 
a Hutficiont number of men, the trdn could not be stopped 
before. It ran U> 15 ft. bcifore the post No. 5 ; that is to 
■ay, ovrr a i*piu;c of 9579 ft., Jn a descent of 35.32 feet, 
whii'li given for the friction j^y, 8.26 lbs. per ton. 

XI. On the let of Augusta trtiin of 10 waggons was brought 
to the place of the experiiiienta by the Vesta engine. TTie 
10 waggons weighed together 43.72 1. The tender of the 
engine, weighing five tons, was left attached to them, making 
thus ti)get.her 48.72 t. for J 1 carriages, or 4.43 1. per car- 
riage, 'llie whole was left to its gravity on the plane, and 
ran till 108 ft. bt^yond the post No. 30, being a space of 
10,008 ft. on a slope of .')8..W ft., which gives for the 
friction g}^, or 8.(t4lbs. per ton, 

XII. The same day 24 waggons were brought to the same 
place by the Atlas engine, these 24 waggons weighing toge- 
ther 104.60 1, and making with the tender of the en^e, 
which weighed 5.501., llOt. for 25 carriages, or 4.40 t. 
per curriiige. They were left to their gravity on the 
pliUR't and did not stop until they reached 108 ft. be- 
yond the jXMt No. 32. 'ITiey ran, consequently, over a 
apace of 10,668ft., with a descent of 3a82 ft., which 
puts tile friction at jij, or 8.151bs. per ton. 

LRstly, complete trains, that is to say, the engine, 
tender, and waggons together, were brought to the 
trial of gravity on the plane, and gave the follow- 
ing results : — 

XIII. On the -^nd of August the Flrt engine, 
followed by its tender aiid by 17 wagons, weighing 
as fotlow-s : waf^us Sl.'26 1., engine 8.20 1., tender 
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5 Ji t., together 9*.96 1., was left to its gravity on 
the plane. The ensioe and its tender being, on ac- 
count of their weight, reckoned for three waggons in 
the pogdtion of the centre of graritr of the mass, the 
whole was coosidertd as equal to -iO waggons. The 
train was conicquraitlv stopped so as to place facing 
the starting-post, the interval between the s«v«ith 
and eighth waggon. The mass, being put in mo- 
tion, stopped at 4^ ft. beyond the post No. 34. It 
hadnm over ll,'26^feet, with a descent of Sit. 10ft..; 

which put* the fticbcm at — — of the weight, or 

7,78 lbs. per ton, iDclodJng the engine, tender, and 
waggon". 

The whole weight of the train, engine included, 
was &i.lGt. The resistance of the whole, taken at 
the rate of 7-78 U as it had been found, was then 
733 lbs. But the engine, submitted alone and a 
moment before to the experiment, had been found 
to have 113 lbs. friction, as we shall see below. Of 
these 733 lbs. there were, consequently, only 620 
applicable to the waggons and tender. Their ag- 
gregate weight was 83.96 t. ; consequently, the re- 
sistance belonging to them was ~Ml lbs. per ton. 

XIV. On the 2d of August the Vulcan eugiite, weighing 
8.34 t., followed by a train of twenty waggons, weighing 
96.301., and hy a tender weighing 3.5 1., forming to- 
gether a mass of 110.14 t., was brought to the place of the 
experiments. Not having been able to atop tlie train in 
time, it could only depart from a point situated at 18 ft. 
below the common starting-post, the engine and its 
being reckoned together for three waggons, in fix! 
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situation of the centre of gravity. The mass stopped at 
39 ft. beyond the post No. 33. The distance ran < 
in 12' 10" was 10,911 ft., on a descent of 38.75 ft. The 
friction calculated over the whole was consequently j^ of 
the weight, or 7.96 lbs. per ton. 

The total resistance for the 108..50t. weight of the 
whole train, engine included, was 863 lbs. ; if from that we 
deduct 127 lbs. for the resistance of the engine itself, ac- 
cording to an experiment made immediately afterwards, 
and of which we shall speak below, there remains for the 
100.16t. of the train and tender 736lbs., which make 
7.35 lbs. per ton. 

XV. To conclude, on August 15, the Leeds engine, 
weighing 7.07 1., followed by its tender and a train of seven 
waggons, the aggregate weight of which, besides the engine, 
was 33.52 1., was also submitted to the same experiment- 
Starting exactly from the post No. 0, it ran till 255 ft, 
beyond the post No. 24. Distance 8,i75 feet; descent 
37.35 ft. ; friction of the whole jfg, or 10.23lbs. per ton. 

The whole train weighing 40.59 1., had therefore a 
total resistance of 415lbs.; and as the engine submitted 
alone to the experiment had been found to have llSlba. 
friction, on those 415lbs there were only 303lbs. appli- 
cable to the waggons and tender, and consequently the 
resistance belonging to the train was j^^, or 9.04 lbs. per 
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During all those experiments the weather was 
fejr and calm. As we liave said before, no parti- 
cular precautions had heen taken, nor had anything 
been altered in the usual state of the waggons or 
rails. The circumstance of the trains passing over 
nine switches at the foot of the inclined plane, must 
make the results appear a little greater than they 
would generally be on any other part of the road 
taken at random. 



§ 6. Friction of the in tennediate Waggons of the 
Trains. 

We have already marked in the first six experi- 
ments the influence of the resistance of the air in 
the results. When five waggons move together, 
their resistance to the motion is 9.17 lbs- per ton ; 
and if each of those five waggons move separately, 
their average resistance per ton is 11. G5 lbs. The 
other experiments present similar results. By 
comparing large trains with those which are ccan- 
posed only of a small number of carriages, we con- 
stantly see the resistance diminish, when the mass 
which is drawn, although continuing to cut the air 
on the same surface, comprises, however, a more 
considerable weight. 

The direct resistance of the air takes place only 
on the first carriage of the train. Now, the first six 
experiments made with a single waggon give us the 
resistance of a carriage when it advances the first. 
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Deducting it, therefore, in the other experiments, 
we shall discover the resistance of the intermediate 
waggons of the trains ; that is to say, the friction, 
independently of the direct resistance of the air. 

The experiments III., IV., V., VIII., and IX. 
put together, give us the average friction of a loaded 
waggon at the head of the train equal to 11.77 lbs. 
per ton. Taking, therefore, experiment VII., for 
instance, the weight of the train was 25.58 1. 
Each ton had a resistance of 9.17 lbs. ; thus the 
total resistance was 234.5 lbs. Deducting the 
resistance of the first waggon at the rate of 
5.12t. X ll.TVlbs. = 60.25 lbs., there remain for the 
four following waggons 174-.25 lbs., which, divided 
by the weight of those four waggons, makti 8.50 lbs. 
friction per ton. 

§ 7- Table of the Results of the Jhregoing Experi- 
ments on the Friction of the intermediate Wag- 
gons of the Trains. 



If we make the same calculations for each of the 
other experiments, and if we add to them the simi- 
lar results, already presented for the three experi- 
ments where the engines had remained attached to 
the trains, the following table will be made out : — 
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In the foregoing tables, the average weight of a 
waggon was 4>.78 1. That waggon, placed at the 
head of the train, had a resistance of 11.77 ^ha. per 
ton, or 56 lbs. for the whole ; while, placed in an 
intermediate situation, its resistance was 8.03 lbs. 
per ton, or 38 lbs. in all. The difference between 
the results was owing to the obstacle of the air. 
The air created, therefore, a resistance of 17 lbs. to 
18 lbs. on a waggon of a moderate height, as those 
were, and at the average speed of the experiments, 
That speed was of about 1 '2 miles an hour, or I ft 
feet per second, a space of 10,000 feet having Ijcen, 
on an average, run over in 10 minutes. 

This determination agrees with direct experi- 
ments made on the force of the wind. We know 
that when the wind has a velocity of 20 feet per 
second, it causes on a surface of a square foot a. 
pressure of 0.91.5 lbs. or a little less than 1 lb. In 
other words, a surface of one square foot cutting 
the air with a velodtj- of 90 feet per second meet* 
with a resistance of 0.915lbs. Thus a loaded wa^' 
gon presenting a surface of about 22.5 aquare feet 
must meet, from the atmosphere, with a resigtaDce 
of aboat 20 lbs. 

The direct resistance of the air agaizBt tbe firat 
carriage of the train, once deducted, tbe resistance 
per ton does no longer depend upon the nomber of 
waggons. The remaining differences seem to be 
the effect of accidental circumstanoei, tmh a» tht 
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state of the rails, or the wind, or the greasing of 
the wheels, &c., whicli prevent those experiments 
from presenting a mathematical preciseness. 



§ R. Experiments on the Friction of Waggons 
without Springs. 

The foregoing experiments hating been made 
with waggons mounte<l on springs and constructed 
on an improved principle, one might perhaps sup- 
pose that common waggons, having no springs, 
would offer a greater resistance to the motion. 

In order to clear up this point, some experiments 
were, at our request, undertaken on the Darlington 
Railway. They were conducted exactly on the same 
principle as the foregoing, by Mr. Robert B. 
Dockray. 

The waggons employed were the common wag- 
gons in use on that line. Their wheels are 3 feet 
in diameter, like those of Liverpool. Their weight, 
when empty, is 1.30 1., and 4t. including the load. 
They are not mounted on springs, and the axle is 
3 inches in diameter at the bearing. 

We have seen that in the Liverpool waggons the 
axle in the same part is only if inches in diameter. 
This difference arises from the circumstance that, 
in the Liverpool waggons, the support is outside 
the wheel, on a prolongation of the axle ; and that 
part, the only service required of which is to sup- 
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port the waggon, may be reduced to so small a 
diameter without depriving the middle part of the 
axletree itself of its usual strength. In the Dar- 
lington waggons, on the contrary, the bearing is 
within the wheel, like in common carriages. The 
support takes place, therefore, not on a prolonga- 
tion of the axle, but on the axle itself ; and this 
part cannot be less than three inches in diameter, 
because it must not only bear the weight of the 
waggon, hut also maintain the wheels in a fixed 
situation, by resisting the lateral pressure and the 
twisting forces which are continually exerted against 
the wheels during the motion. 

With those waggons the experiments on friction 
gave the following residts : — 
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During those experiments, the wind blew with a 
moderate strength in favour of the motion, which is 
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a [joint to Ik; considered ; for we know that trains 
of wfif(j;onH arc sometiraes propelled lo a considera- 
bl« distance on railways, by the force of the wind 
hIoiih. All the waggone were in good order, and 
particularly thme of experiments III. and IV., 
which were, iM^sidcs, the best on the line. 

'niese exjwriments having, contrary to the na- 
tural expc'c.tation, given more advantageous resiilts 
than thoflit which had been obtained with waggons 
riioiitiUHl oji HprttigFi, it became necessary to deter- 
mine PXtuitly the influence of springs on the resist. 
Ktliw U> tnntion. 

Ill cuiiHivjuoncp, the platform of a waggon mounted 
oil HprliigM, having boen wedged so as to raise it 
hff'iUi' MpringH, the waggon was loaded with pigs of 
limd, wcigliing 2 tons, and in that state it was left 
to itH gravity on the inclined plane. The resulting 
friction was 8.58 lbs. per ton. 

Then the wedges were struck out, so as to let the 
platform descend on the springs again, and the ex- 
periments having been repeated, gave a friction, 
per ton, of 8.35 lbs. 

There exists, consequently, a small adranta^ in 
making use of springs ; but that advantage is easily 
(«»mpensated by some adventitious circumstances, as 
better polished bearings, better greasing, a load 
giving less hold to the air, &c. ; and, in one case 
as well as in the other, the average friction must be 
reckoned at 8 lbs. per ton. 
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OF THE FRICTION OR RESISTANCE OF THE 
ENGINES. 



ARTICLE I. 



OF THE FRICTION OF ENGINES WITHOUT LOAD. 



§ 1. Of the different modes of Detennittation. 

After having determined the resistance opposed 
by the loads that are to be moved, it was also 
necessary to ascertain the resistance belonging to 
the motera themselves, for it is only the surplus of 
their force, beyond the power they require to move 
themselves, which those moters can apply to the 
traction of loads. 

The friction of a locomotive engine is the resistance 
which that engine opposes to motion. It is the force 
that must be applied to it, to overcome all the fric- 
tions that oppose its progress, at the moment it exe- 
cutes the traction of a train. At that moment it must 
evidently possess : 1st, a certain power sufficient to 
make the train advance or to overcome the resistance 
of all the loaded carriages ; 2nd, another power suf- 
ficient to propel the engine itself along and overcome 
its own friction. It is this second power, the power 
that propels the engine, which is the friction of that 
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MijfitM*, tfT, mtber, wliicti ia equal to the^iction of 
fhut ttfiffirm I wliilKt the first is the resistance of the 
UiHil, mi'I wtiilnt. Ixith till! powers together constitute 
Ihi' liiUtl iimi'cr a\ifdkd hy the moter. 

The iii)W»T ntqinri'd to move a locomotive en- 
0m illfrum (iceortliiig to three different circum- 

\»l. If the tttcam remains shut up in the boiler 
wtlliout hiivlri(j nuy access to, or exercising any 
lirttMiUH nil, the meolmnisra, so that the progress of 
ilin tiimlm' Ih* prmiucetl by an external agent, the 
ItltMiii*'. uuuviivor, ilraiving no load. 

i^mi, If iho ntwnn is the agent that prodoces the 
iliotiun 1 hut tf, M in (he first case, there is no 
trniii (ilttii'lie.l to thf i'ii«!iue. 

.In). If tho engine cannot move n-ithout drainiig 
nttm- it u lotul, the resietance of which, creating an 
ilieruiwe uf pressure on all the parts of the mecban- 
isiii, must necessarily augment the friction on everv 
one of its joints, and, consequently, the total resist- 
ance of the engine. 

The diflference between the first and second ease 
cannot be very great ; for, in both circumstances, 
tlie load of the engine remains the same, being no- 
thing more than its own weight. Besides, by whaU 
ever means it is made to move, it advances ; so that, 
at every turn of the wheel, there is a complete re- 
volution, and, consequently, a complete friction 
of the whole mechanism. The steam would 
have applied a certain force to make the 
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move. That force would have produced pressures, 
and, consequently, proportional frictions on all 
the compressed points, as upon the crank of the 
axletree and all the joints in general. Now, as 
soon as we make the engine advance, we apply a 
force equal to that which the steam would have ap- 
plied. Consequently, wo produce on the crank 
and on all the joints the same friction that would 
have been produced hy the force owing to the 
steam. Of all these joints, those only upon which 
the steam acts in a direct and particular manner, 
cease to be compressed equally in the two cases. 
These parts being strongly pressed against one 
another, when the steam is admitted into the cylin- 
ders, cease to experience that pressure, and have, in 
consequence, evidently less friction when the steam 
takes no part in the creation of the motion. But 
the only parts on which the steam exercises a direct 
pressure are the two slides. 

The surface of the elide, on which the pressure 
of the steam takes place, is, in general, 7-i inches 
long to 6 inches broad, or 45 square inches, which 
makes 90 square inches for the two slides together. 
When we talk of the engine moving alone, and 
without drawing any load after it, we cannot sup- 
pose that the pressure of the steam in the boiler 
need to surpass lOlhs. We shall find, by experi- 
ment, that it may happen not to he above i- or 5 lbs. 
The pressure exercised by the steam on the sUdes 
amounts, therefore, at most, to 000 lbs. So that, 
taking the friction of iron on ii"on, ground and 
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polished, at -^^^ of the pressure,' we shall have a 
friction of 90 lbs. But we know that the real re- 
sistances on different points of an engine are in the 
ratio of the velocity with which those parts move. 
The slide only moves three inches for each stroke of 
the piston, or half a foot for each turn of the wheels ; 
that is to say, that it only runs over a space of half 
a foot, while the engine, having a wheel of five feet, 
advances 15.71 ft. The friction of the slide, con- 
sidered as opposing itself to the motion of the 
engine, creates, therefore, a final resistance of only 

lbs. or about 3 lbs. From which we see, 

2x15.71 

that, in practice, the friction occasioned either in 
the first case or in the second, may be considered as 
being the true friction of the engine, when it draws 
no load. 

As for the difference between these two first cases 
and the third, we know that the friction is ^ways 
in a direct ratio to the pressure. Now, it is evi- 
dent that the pressures which take place on the 
ruhbing parts of the engine, vary in proportion to 
' the load it draws. . That principle is true, provided 
[ the weight of the engine itself is taken as a part of 
[ the load. The only parts which are excepted from 
[ that rule are : the piston, which remains in all 
cases pressed in the same manner, the steam having 
no access into its interior ; the slide, the friction of 
which varies with the pressure in the boiler, which 
• According (o the exjiprimpiils of ('cjulomb on tJip resistance 
of surfaces. 
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depends only indirectly upon the load ; and, lastly, 
the eccentrics, the friction of which follows the 
friction of the slides. All the other parts of the 
engine are subject to the rule laid down above. 
The principal pressure takes place on the crank of 
the axle, and that pressure is exactly in proportion 
to the load- 
There must consequently be a considerable differ- 
ence in the friction of an engine when loaded or 
when without a load. We shall have recourse to 
experiments to determine that difference. 

First, we shall endeavour to make ourselves ac- 
quainted with the friction of the engine without a 
load, and then we shall come back to the second 
part of the problem, which consists in determining 
the influence of the load upon that friction. By 
that means we shall be able to calculate the resist- 
ance of locomotive engines in all circumstances. 

§ 2. Friction of the Engines determined h\f the least 
Pressure. 
The considerations above stated, which tend to 
prove that the power necessary to move an engine 
is very nearly the same, whether the force of the 
steam itself, or any other external agent, is em- 
ployed, furnished us with two means of ascertaining 
the friction of engines without a load. The first 
consisted in seeking what was the least pressure of 
steam required by a locomotive engine to put itself in 
motion on the rails, when it had no other resistance 
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than its own to overcome ; the second was the method 
already employed in regard to the waggons. Both 
were successively tried. 

The principle upon which the first of these two 
methods is founded is the following: — 

If we find that the steam, by causing a known 
effective pressure per square inch, can make the 
engine advance, the area of the two pistons in square 
inches being known, it is easy to calculate the total 
force applied by the steam on those two pistons. 
That force being siifficient to make the engine ad- 
vance, — that is to say, to conquer its resistance,— it 
gives of course the value of that resistance. It must 
only be observed, according to the principle known 
in mechanics by the name of the principle of virtual 
velocities, that the pressure exercised on a part of 
an engine, being transmitted to another part of the 
same engine, retains the same intensity only in case- 
the two parts have the same velocity. If not, the 
force or pressure is reduced in an inverse ratio to 
the velocity of the points of application. This prin- 
ciple appears in an evident manner and a priori, in 
simple machines like the lever, the roU, the pully, 
&c. Inspection alone is sufficient to demonstrate 
that if a force can, by the aid of the machine, raise 
a weight four times as great as itself, it is only by 
travelling, in the same space of time, four times as 
far as the weight it raises. In the case before us, 
the velocity of the piston is to that of the engine 
as twice the stroke is to the circumference of the 
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wheel, the pistoii giving two strokes while the wheel 
tui'ns once round. A force applied on the piston 
produces, therefore, in regard to the progress of the 
engine an effect reduced in the same proportion, 
that is to say, as twice the stroke is to the circum- 
ference of the wheel. 

Let d he the diameter of the piston, and t the 
ratio of the circumference to the diameter, \-s d' 
will* be the area of one of the two pistons ; and p 
being the effective pressure of the steam per square 
inch, 

will be the effective pressure upon the two pistons. 
If, moreover, / express the length of the stroke, and 
D the diameter of the wheel, the effective force of 
transfer resulting for the engine, in consequence of 
that pressure, will be 

which, according to what we have said, gives the 
measure of the resistance of the engine. - 

Here it must he noticed that we suppose the pres- 
sure of the steam in the cylinder to be equal to that 
in the boiler. The reason is, that in the experiments 
we shall have occasion to make, the motion of the 
engines being always extremely slow and the regula- 
tor completely open, the two pressures have time to 
put themselves in equilibrium, and are consequently 
equal. It must also he observed, that the effective 
pressure p of the steam, or the surplus of the total 
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pressure over that of the atmosphere, is not the 
true moving power residing in the steam. That 
moving power is the total pressure of the steam, 
which we shall express by P. But, on the other 
hand, the true resistance on the piston is neither that 
only which results from the traction of the engine. 
It comprises also the atmospheric pressure, which 
takes place either directly or intermediately on the 
other face of the piston, as well as upon every other 
body in communication with the atmosphere. So, 
we omit on both sides an equal quantity, viz. the 
atmospheric pressure. Nothing prevents us here 
from simplifying in that manner ; because, having 
to compare the power and the resistance only in a 
case of equality, that equality is not destroyed by 
subtracting an equal number on each side. 

To succeed in ascertaining the least pressure by 
which the engine could be moved, it was necessary 
to take the engine at the instant when it furnished 
the steam at a very low degree of elasticity. In 
the evening, after the vpork was finished and the 
fire taken out of the fire-box, the water of the boiler 
began to lose its heat, and the steam that it gene- 
rated also gradually lost its force. This was the 
proper moment to ascertain the least pressure by 
means of which the engines were able to advance on 
the rails. The spring-balance that shut the safety- 
I .valve enabled us to ascertain the pressure of the 
steam in the boiler, by loosening the spring until it 
stood in exact equilibrium with the pressure. It 
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was then easy to calculate the pressure from the 
degree marked on the balance. However, to make 
all calculation unnecessary, the engine was brought 
to the mercurial gauge, which gave immediately the 
pressure per square inch in the boiler, at the mo- 
ment of the experiment. It is in that manner that 
the following experiments were made : — 

1, On the 5th of July, the Atlas engine, cylin- 
ders Ig inches diameter, stroke 16 inches, weight 
11. -tot., wheels five feet, four wheels coupled, was 
submitted to the experiment separated from its 
tender. 

The spring of the balance having been succes- 
sively loosened, to show the pressure of the steam 
in the boiler in proportion as it went down, the fol- 
lowing trials were made : — 

At 2 lbs. pressure, marked by the balance, the 
engine moved backwards and forwards, passing from 
a state of rest to one of motion, or conquering, be- 
sides the friction, what is called the vis inertite of 
the mass of the engine ; that is to say, not only 
maintaining an acquired velocity, but acquiring 
one, which proves a surplus of force in the moving 
power. 

At 1 lb. pressure, marked in the same way, the 
engine started, passing from a state of rest to one 
of motion. 

The pressure diminishing a little more, the en- 
gine contimtedtaoivras. At that moment we brought 
it under the mercurial gauge. It marked 4 lbs. 
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pressure was, that it could only be olrtainml at th<i 
moment the boiler generated no morn Htenni ut all { 
the consequence of which was that at that nictniitnt 
the pressure diminished so rapidly that no curifU 
denee could be put in the ar»!uracy <t( thn »x)}nri' 
menL 

But as the resistance (tf the tender rjmUl he <witily 
calculated by the experiments made <m tht frictM^n 
of the carriaeres, and already inw^rttwl ahovi;, it wait 
also easy to take it int'^> n'-j^mnt. 'JIium, by lifivinK 
the tender at!su:hM Uj thft wnjpne, the t:%\ti:r'uut^ti 
yrKa^iM^ the same Ah^f-M '/( af^^^iiraUfrieM, with 
more i^Hli'.y in obserriiKf tbf; pr^^uure uf tl»; nttmm. 
1% ia f'jT that naufjo that, in the UAhmmg^ trxp^ri- 
SKCsa, UK teoder mu no kA^RT i^tf/tanKtM 1r*na ihtt 
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The an» of the two pialoiis (II inches in diameter) 
bmng 190 iquare inches, a prearare of 5.511m. per inch, 
produced on the pivton a force of 190 x 5,5 lbs. = 1, 045 lbs. 
at the vulocity of the piston, and thus a draft of 

s= I77.5lbfi. at the velocity of the engine. Tliat 

wa« then the force required to move the engine and its 
tender. Now the tender, (illed with water and coke, 
weighed 6^0 tons, and according to the experiments made 
on the friction of the carnages, each ton required to put it 
in motion a power of 8lbfl, 'Die tender consumed therefore, 
for itn share, a force of 6.50 lbs. x >i = .iSlbs. Thus there- 
•utance proper to the engine was 177 lbs. — 52 lbs. = 125 lbs. 

III. On July 23, the same engine, the Sin, was tried ag^ 
at the least pressure, and gave the following results : — 

At 4lbs. marked on the balance, the engine etarte<l, 
followed by its tender filled with water and coke. 

At 1 lb. marked on the balance, it started rapidly. 

At of the balance, it still started with facility. 

At Slbs. under zero, it still moved at the rate of two or 
three miles an hour. 

At that instant it was put under the mercurial gauge, 
which marked 4| lbs. We may consider that, in this expe- 
riment, we hail arrived at tho lowest pressure by which 
the engine could move. According to the calculation 
established above, that pressure of 4}lbs. gave a force of 
002.5 lbs., which, referred to the motion of the engine, pro- 
duced a traction of 153]bs. Deducting 52]bs. for the 
resistance of tlie tender, there remained 10 libs, for the 
resistance of the engine. 

IV. 'llie same day, the Firefly engine, cylinders 11 
inches, stroke 18 inches, weight 8.74 tons, wheels 5 feet, 
one pair of wheels only worked by the piston, was sub- 
mitted to tho same trial. 
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At 3 lbs. inarke<l on the balance, it started, followed by 
its tender filled with water and coke> 

At 2 lbs. also. 

At it started also,- came back, and went off again in a 
contrary direction. 

At 1 lb. under 0, it still started forwards and backwards. 
The pressure diminishing a little more, the engine has just 
power enough to move. 

At that moment it was brought to the mercurial gauge ; 
the pressure was found to be 4^ lbs. According to the 
proportions of the en^ne mentioned above, a pressure of 
4|lbs. per square inch on the piston, produced a traction 
on the engine of 163lbs.; deducting 52lbs. for the tender, 
there remained for the proper resistance of the engine 
1 1 1 lbs. 

§ 3. Friction of the Engines determined hy the 
Dynamometer. 

While the resistance of the engines was being 
determined in that manner, other trials were also 
made, to obtain a valuation of that same resistance 
by means of the dynamometer. 

V. On July 22, in the morning, the Vulcan 
engine, cylinders 11 in., stroke l6in., wheels 
5 ft., weight 8.34 1., one pair of wheels only 
worked by the piston, being ready to set off for 
Manchester, its boiler fiill of water, and its fire- 
box of coke, was separated from its tender. A cir- 
cular spring-balance was iixed to the engine, and a 
lever was passed through the ring of the balance, 
so that two men might draw the engine by means 
of the lever. k 




mm^ TW Int iaipdie bn^^ grm, Ar two an 

glkat p wfc tti m ^ Iwar ■ l iw ti i mt it wiihot SM- 

fjttkf in wutSam, st dw nie of fwo or time miks 

htmr^ - Tbe bdn of the bolaace oscillated tvj 

Ltntdiv Jt Tsried gmaaiOj bvm 130 to iTOlbs^ 

jl^nii|i( so srenwB tractton of IMllw. 

The iMfaDioe mv aftentsnii uUim off from the 
front of Uh) taAcliiDe, and fixed behind on tbe 
LWcrpoo) »ide, frhen Hm watan experiment repeated, 
hjpM'O im KYtmf^ traction of It^^Jlbs. The index 
fltfn rwdllatMl ahfnit SO lb*, above and below that 
point, 

Avcmjfo of the two experiments, l-ls5 lbs. 
TJu) itti^nu wa« ready to go off, and it bad 
alreiidy iniuh Home ttims on the rails, in order to 
liylit it« fin! nnil fill ita boiler, so that the grease 
that iinointflci the rubbing parts was melted, and 
thd oil perfoetly liquid. But the experiment taking 
pliico in thfl interior of the Liverpool station, in 
n i^n^nt thoroughfare, the rails were covered with 
rbldorB and dirt j a circumstance which considerably 
»Uf;fniP"*<-''^ *•'"' resistance to the motion. 

VI. On .luly ai, in the evening, the Sl'n engine, of 
whicli Uio [>r(>porttDiiB have already been given above, and 
iho woight of which is 7.90 L, was tried in the same 
mKnn«r. It pivp lOOlbs. traction towards Manchester, 
And lftOIhs,hftckwrtrda, towards Liverpool. Average USlbs. 
TV boiler of the eupne was full of water ; the fire-box 
Maptf. 

VII. On llw mm<> day. the Firefly, already described, 
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the weight of which is 8.74 t, drawn by the dynamo- 
meter, required I25lbs. in one direction, and ISOlbs. in 
the other. Average traction 127ilbs. The boiler of the 
engine was full of water ; the fire-box empty. 

VIII. On the same day, the Fury engine, cylinders 
II in., stroke 16 in., wheels 5 fL, of which only one 
pair are worked by the piston, weight 8.20 t., required 
in advancing towards Manchester iOOlbs. traction, and 
llOlbs. going back towards Liverpool. Average lOalbs. 

These experiments took place on the engines separated 
from their tenders. They were made on a part which is 
considered as being exactly level. We may, however, sup- 
pose, that on the precise spot where the engine was, the 
soil was not perfectly horizontal, and that that was the 
cause of the slight ditFerencc in the resistance, observed 
between one direction and the other. 



§ 4r. Friction of the Engines calculated by the 
Angle of Friction. 

These results did not differ considerably from the 
preceding ones ; but as in aU the experiments, thi> 
index of the balance varied extremely, in conse- 
quence either of the shght inequalities of the road, 
or of the jerks given by the men that drew the 
engine, the average traction was very difficult to 
ascertain exactly. Besides, the dirtiness of the rails 
augmented considerably the resistance. It was, 
consequently, desirable to get those results verified 
by a different method, admitting of a greater ac- 
curacy. 

For that reason the same engines were submitted 
K 2 
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to experiments similar to those which had served 
to calculate the friction of the waggons. 

IX. On July 30, the Jupiter engine, cylinders 
11 in., stroke l6 in., wheels 5 ft., only one pair of 
wheels worked by the piston, weight 7-90 1., was 
brought on the inclined plane of Sutton, to the 
same plate where the experiments on the friction 
of the waggons had been made. It was separated 
from its tender, and left to its gravity on the 
plane. 

Gone off from the post No. 0, it continued its 
motion until 249 ft. beyond the post No. 18, and 
ran during 7' 12". This experiment gives : Dis- 
tance travelled, 6189 ft. ; difference in level be- 
tween the points of departure and arrival, 36.78 ft. ; 

consequently, friction of the weight, or 

- — ^= — '■ '=105 lbs. This result includes the 

16S. 168. 

direct resistance of the air at a velocity of 9 to 10 

miles an hour. 



X. On July 31, the Atlas engine, cybnders 12 in., 
stroke 16 in., wheels 5 ft., four wheels coupled, weight 
ll.40t., was brought to the same place. Not having 
been in time, the train could not be stopped precisely at 
the suitable 'point, and the engine was already 99 ft. 
beyond the post No. 1. It was not possible to push back 
the considerable timn it was drawing; so that the starting- 
point having been carefully determined, the engine was 
left to itself at that point, and ran to 273 ft. beyond the 
post. No. 17. 

The distance travelled by the engine was 5454 ft., and 
the difference in level between the points of departure and 
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arrival, 32.07 ft. Thus the friction was ^-f 5 of the weight, 
or 150 lbs. This calculation includes the ttrect resistance 
of the air, at an average velocity of 8 to 9 miles an hour. 

XI. On August 1, the same en^nej the Atlas, brought 
to Sutton inclined plane, and the centre of the engine being 
carefully placed facing the usual starting-post, was left to 
its gravity on the plane. It ran until 45 ft. beyond the 
post No. 14. 

Distance travelled in 5' 40", 4665 ft., total descent 
35.40 ft. ; friction y|g of the weight, or 194lbs. 

The engine had been repaired the night before. The 
connecting-rods being too weak had been changed, and 
the new ones were not yet exactly adjusted to their pro- 
per length.^The resistance they produced, acting upon 
the wheel at the end of a lever of one toot, which is the 
radius of the crank-arm by which they turn the wheel, 
produced the effect of a powerful brake to check the 
velocity of the engine. This friction of the Atlas is, conse- 
quently, not applicable to the experiments made with that 
engine before August 1. 

XII. On August 1, the Vesta engine, cylinders 
ll^in., (this engine had originally cylinders of 11 in. 
diameter, but in repairing it, the cylinders were newly 
bored, which augmented their diameter by one-eighth 
of an inch,) stroke 16 in., wheels 5 ft., two wheels only 
worked by the pistons, weight 8.71 t., was submitted to 
the same trial. Setting off from post No. 0, it continued 
in motion to 33 ft. beyond post No. 1 1. It ran thus 
in 6', over a space of 3663 ft., with a difference in level 
between the departure and the arrival of 33.07 ft. ; which 
establishes the friction at ^^^5 of the weight, or 187 lbs. 

This engine had been repaired, since which it had only 
made two or three trips at the time of the experiment. 
The different pieces were not yet well fitted, nor the joints 
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very easy. Thence arose the increase of resistance ob- 
served in it, comparatively with the other engines. 

XIH. On August 2, the Kuky engine, cylinders 
11 in., stroke !6 in., wheels 5 ft., not conpled, weight 
8.20 t., left the usual startitig-^iiit, and stopped at 48 ft. 
beyond the post No. 1&, running in 7' over a space 
of 5,988 ft, with a diflference of level between the points 
of departure and arrival of 36.6H ft. ; which puts the 
friction at jj^ of the weight, or 1 131bs. 

XIV. On August 2, the Vulcan engine, cylinders 
II in., stroke 16 in., wheels 6 ft., not coupled, weight 
8.34 t,, left to its gravity from a point situated at 27 it. 
above the usual starting-jwint, ran in 6' 30" over a space 
of 5,391 ft., with a diffijrence of level of 36.52 ft,, which 
puts the friction at -^^ of the weight, or 127 lbs. 

XV. On August 4, the Leeds engine, having the same 
proportions as the Fury and the Vulcan, weight 7.07 t., 
ran in 6' 30" over a space of 3,472 ft,, on a slope of 
36.32 ft. Thus the friction of the en^ne was ^^^ of its 
weight, or 105 lbs. (one of the pistons of the engine 
creaked for want of greasing). 

XVI. On August 15, the same en^ne, the Leeds, went 
off from the same point, and ran over 5,061 ft. in 6', oil 
a slope of 35.86 ft, which puts the friction of this en^ne 
at y\-^ or 112lbs. (one of the pistons creaked, as in the 
foregoing experiment). 

AH these results indude the direct resistance of the air 
E^nst the engine, at an average vrfocity of 10 to 12 miles 
an hoar. 



§ 5. Table af Ike results of the/bregoi?tg Erpeii- 
menfs on the Friction of Engines. 
Placing all those experiments next to each other, 
we form the following table : — 
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ConsideriBg these results, we see that, setting 
aside the Vesta, which was particularly circuui- 
etanced, the locomotive engines, with uncoupled 
wheels, had an average resistance of only 115 lbs. ; 
and the Atlas, with coupled wheels, and of a con- 
siderable weight, only 152 lbs., when not thwarted 
by his connecting rods. 

However, to provide a datum for all cases, it may 
be concluded from the total weight of the engines, 
compared with their friction, that locomotive en- 
gines, well constructed and in good order, have a 
resistance of 15 lbs. per ton of their weight. This 
is the result which may be reckoned upon, when 
an engine is not yet constructed, and when, con- 
sequently, one can estimate only by guess what will 
he its future friction. 

We have already observed, that the experiments 
with the dynamometer and by the least pressure, 
were made on a spot where the rails offered more 
resistance than along the line. On the other band, 
the experiments on the angle of friction took place 
at a point of the railway where there were nine 
crossings to get over. These obstacles acted more 
particularly on the engines, because they occurred 
in a place where the velocity of the motion was 
already considerably diminished. We may, there- 
fore, when we have engines well constructed, kept 
in good repair, and on the Liverpool model, cal- 
culate on the result we have obtained, without fear 
of putting the resistance too low. 
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In eatih of the experxraents with the engines, 
which we shall have occasion to relate, we shall 
take not the average result, but the individual fric- 
tion of each of them, as it has been determined. 



ARTICLE II. 

OF THE ADDITIONAL FRICTION OF LOCOMOTIVE 
ENGINES, IN PHOPORTION TO THE LOAD THEY 
DRAW. 



§ 1. Of the Mode of Calculation. 

We have now determined the friction or resist- 
ance of locomotive engines, when they draw no load. 
We have, however, already shown, that the friction 
must increase in proportion to the load the engine 
draws. The aim of our researches must, therefore, 
now be, to discover the amount of friction for differ- 
ent loads, in order to deduce from it the surplus of 
resistance created in the engine by each ton of the 
load. 

When an engine executes the traction of a train, 
we know the pressure in the boiler by inspecting the 
ring-balance ; but we do not know the pressure 
of the steam in the cylinder, because, in passing 
from the boiler to the cylinder, the elastic force of 
the steam changes, as will be seen hereafter. If we 
could know, a priori^ the pressure in the cylinder ; 
if, for instance, it were possible to apply a mercurial 
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gauge to it, we might immediately deduce the fric- 
tion of the engine corresponding to that load. 

In fact, if by hypothesis we know the pressure in 
the cylinder, or on the piston, by calculating the 
total effect of that pressure on the area of the piston, 
we find the exact valuation of the power applied by 
the engine. 

On the other hand, we also know the resistance 
opposed to the motion ; it being composed of the 
resistance of the train and of the engine. 

Besides, if the engine, in drawing that load, in- 
creased constantly in velocity, it is clear that there 
would be an excess of power over the resistance. I^ 
on the contrary, the veltx-ity were to diminish gra- 
dually, the power would be inferior to the resist- 
ance ; hut if we take the engine at the moment it 
has acquired a certain uniform velocity, and if th^ 
velocitv be maintained without alteration, the power 
the engine thus applies must necessarily be exactly 
equal to the resistance it undergoes, or else there 
would be eitlier acceleration or retardation in the 
motion. 

Thus we know the power applied by the engine ; 
we know the resistance to the motion, which is the 
sum of the resistance of the train and that of the 
engine ; and, besides, this sum is equal to the power 
a|>plied : ctmsequently. the resistance of the engine 
is equal (o the power applied, less the resistance of 
tbe tnin. 

tha node vould give thus immediately the fric- 
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ttoa of the engine, if we knew the pressure in the 
cylinder. 

But there are cases in which the pressure in the 
cylinder is really known a priori, and is equal to the 
pressure in the hoiler. These cases are those in 
which the engine attains the limit of its power with 
the pressure at which it is working ; that is to say, 
ivhen it draws the greatest load it can draw with 
that pressure. 

In fact, as by the hypothesis the engine has ar- 
rived at the Umit of its power, the pressure in the 
cylinder cannot he less than in the boiler ; tor, if it 
were, hy diminishing the velocity, which is the only 
obstacle to the establishment of an equilibrium of 
pressure between the two vessels, one might give to 
the steam time to rise in the cylinder until it would 
equal the pressure in the boiler, and then the effect 
would be augmented. That is to say, that the en- 
gine might draw a greater load, provided its velocity 
were diminished. On the contrary, as soon as the 
pressure in the cylinder becomes equal to that in 
the boiler, there is no further diminution of velocity 
that will permit to increase the load ; for an in- 
crease of load requires an increase of moving power, 
which is DO longer possible. 

Thus, in case one has attained the maximum load 
of the >engine, the power applied is known a priori; 
soA one may, as we have actually done above, de- 
duce from it the corresponding friction of the en- 
gine. 
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Let us then suppose, that in an experiment we ' 
have attained the limit of the power of the engine. 
Let d he the diameter of the piston, and t the ratio 
of the circumference to the diameter, ^ w(P will he 
the area of the piston, and ^ wrf" the area of the two 
pistqns together. Let also p be the effective pres- 
sure per unit of surface of the steam in the hoiler, 
such as it has been observed during the experiment; 
it is clear from what we have said above, that ^ T<Pp ' 
is the force then applied to the piston. 

Calling D the diameter of the wheel, and / the 
length of the stroke, the force applied to the piston 
is, when transferred to the engine, reduced in pro- 
portion to their respective velocities, or in the pro- 
portion of —f-. Thus, after its transfer to the en- 
gine, it is expressed by 

which is the expression of the power of traction as 
applied to the progress of the engine. * 

On the other hand, M being the weight of the 
load, expressed in tons, and n representing the re- 
sistance for each ton of the load, such as we have 
determined it in the preceding chapter, nM is the 
resistance of the train. Finally, if we represent by 
X the proper resistance or friction of the engine. 



«M + X 
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will be the total resistance offered to the motion of 
the cr^e. 

Having seen that, when the motion is uniform, 
the power appHed by the engine is equal to the re- 
sistance, we have 



pd^l 



and finally, 



=: nM + X ; 



nM, 



which equation gives us the value we sought of the 
friction of the engine. 

In this equation p is the effective pressure in lbs. 
per square inch in the boiler ; d the diameter of the 
piston expressed in inches ; / the length of the 
stroke ; and D the diameter of the wheel, both 
expressed either in inches or in feet, which is in- 
different, the equation containing only their ratio. 
The number n, which is the resistance per ton, 
is 8 lbs. ; and thus the value of X, when found, will 
also be expressed in lbs. 

Here, as well as in the experiments made above 
with engines without load, we do not, in calculat- 
ing the resistance, take into account the atmospheric 
pressure ; because, also, in calculating the power, 
instead of reckoning the total pressure of the steam, 
we only reckon its surplus above the pressure of 
the atmosphere. In doing this, we only suppress on 
each side two equal forces which equihbrate. Hav- 
ing here, as before, only to compare the power and 
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the resistance in a case of equality, the suhstraction 
of an equal quantity can take place on both sides 
without altering the result. 

The formula we have ohtained is very single, and 
the principle it represents will easily give us the re- 
sistance of the engine, in all the cases in which it has 
attained the limit of its power. All that remains 
to he done, is therefore to arrive at that point. 

In consequence, experiments were made in that 
view, sometimes taking the greatest loads the en- 
r gine was able to draw, and at others only middling 
loads, but lowering the pressure, by means of the 
spring-balance, as much as possible, without stop- 
ping the train. 

Those experiments were made on three inclined 
planes of the Liverpool and Manchester Itailway ; 
viz. Sutton plane inclined at j^ ; Whiston plane 
t inclined at ^^y and the rise of Chatmoss at y^oft .* 
In estimating the resistance on these planes it is 
clear that the gravity of the mass, decomposed along 
the plane, forms an additional resistance to the fric- 
tion of the carriages ; so that the resistance of the 
train, not including the friction of the engine, is 
then composed of the friction of the waggons, at the 
rate of 8 lbs. per ton, and moreover of the gravity 
of the total mass in motion on the plane. Thus a 
train of 40 t., drawn by an engine weighing 10 1., 
offers on Sutton inclined plane the following re- 
sistance : — 
• Seethe Section of the Liverpool Railway, Chap.V^ Art. VII., § 1. 
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40 X 81bs.=: 320 lbs. friction of die carriages at 8lb». lbs. 

per ton 320 

40 X 2240 lbs. 

= 1,006 lbs. gravity of the 40 1. (reduced 

in lbs.) on a plane inclined iu the ratio of [^ 1,006 

10 X 2240 lbs. 

= 251.6 lbs. gravity of the engine on the 

same plane 252 

Total registance, not including the flictions of the engine 1,578 
And as we know that on a dead level a ton only 
requires 8 lbs. traction, we see that the train going 
up the plane is equal in that circumstance to a load, 

on a dead level, of z^lQJ^ t. 

This is the manner in which the calculation will 
be made in the following experiments, 

Wc give a considerable number of experiments, 
because having to apply to the waggons their ave- 
rage resistance per ton, the greater the number of 
carriages, the more accurate will be the calculation. 



§ 2. Experiments on the additional Friction of 
Engines. 

I. On .July 22, 1S34, the Vulcan engine, 
cylinders 11 in., stroke 16 in., wheels 5 ft., 
weight 8.34 1., ascended Sutton inclined plane 
with a first-class train of nine carriages, amongst 
which the mail and two empty trucks ; weightof the 
train, tender included, 39.07 t. 

The velocity of 'iQ.Q miles, before arriving at the 
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plane, settled at the rate of '20 miles an hour for thel 
first half of the ascent, took then an average of | 
1 1 .42 miles, and went down to 7-5 miles in the last 
quarter of a mile of the ascent, which is a little 
steeper than the rest. 

The spring-balance of the engine, fixed at 31, as 
a point of departure, marked 36, which by the mer- 
curial gauge corresponds to 57.5 lbs. effective pres- 
sure per square inch. 

In consequence of the proportions of that engine, 
we have ; 

190 area of the two cylinders in square inclies, multiplied by 
57.5 lbs. pressure of the steam per square inch in the boiler or 

on the piston, makes 
10,925 lbs. force appEed on the piston ; which being transferred 

as a power of traction to the engine, the veloci^ of 

which is 5.887 times greater, gives 
10,925 
■ - - tbs. = 1 856 lbs. power applied to niake the engine 

advance. 
On the other hand, the resistance was 

39X)7,'X 8lbs. = 31.^1bs. resistance, owing to the friction of 

the carriages. 
47.41 X 2240 lbs. 

= 1193 resistance owing to the gravity of the 

total mass, train and engine. 

1506 total resbtance. 
Thus: 

1,856 lbs. power applied. 
— 1,506 resistance, equal to 188^ t. on a level. 

350 corresponding friction of the engine. 
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As we have said, the average velocity of the as- 
cent was 11. 42 miles per hour, and the volocity at 
the top of the plane 7-5 miles per hour. 

In all the experiments we give those two velo- 
cities separately, hecause the engine having a great 
impulse on arriving at the plan., we wish as much 
as possible to disengage that acquired velocity from 
the velocity proper to the motion. If we were to 
take 11.42 miles as the velocity of the motion, it 
would be a little too much, being complicated with 
the first impulse. On the other hand, by taking 
7.5 miles we should commit a i ontrarj- error, l>e- 
cause the last quarter of a mile of the ascent is 
steeper than the rest, and surpasses the inclination 
of ^, on which our calculation is founded. 

They call first-class trains those which carrv 
travellers, and go from Liverpool to Manchester 
without stopping. The carriages of those trains 
are never weighed. In all the experiments we have 
calculated them at an average weight of 4.73 1. 
loaded, and the mail coach at 3.44 t. The tender 
is reckoned at the rate of 5 t., or 5.50 t. according 
to the quantity of water and coke it contains at 
the moment of the experiment. The weight of the 
waggons, whether empty or loaded, is taken exactly 
in tons, cwts., quarters, and pounds. To simplifv we 
shall express it here in tons and decimal fractions "of 
tons. 

II, On July 22, 1834, the same en^ne, the Vclcan, 
ascended JVhislon inclined plane with a first-class train of 
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9 carriages, amon^t which were the mul and two loaded 
trucks; weight of the train, tender included, 41.32 1. 
The velocity remained uniform during the ascent at ld.7S 
miles an hour, diminishing only to 12 miles an hour on the 
last quarter of a mile. The balance fixed at 31 marked 
36, or effective pressure by the mercurial gauge 57.5 lbs. 
per square inch in the boiler. 
This experiment gives : 



lbs. 
1 ,8fi6 power. 

IjiSg resistance, equal t< 



1861. o 






367 corresponding friction of the engine. 

III. On July 23, 1834, the Atlas, cylinders 12 in., 
stroke 16 in., wheels 5 ft., weight 11.40 t., balance fixed 
at 50 lbs. as a point of departure, started from Liverpool 
with a train of 40 waggons weighing exactly 190 t., and, 
including the tender, 195.50 t. 

The help of two other engines was necessary for the 
moment of starting. On TVkiston inclined plane the tr^n 
was helped by four engines ; viz. two in front of the train, 
the Ajax and the Experiment, and two behind, the Sun 
and the Goliath. Drawn thus by five locomotive engines, 
the train went up the plane without a moment's delay ; and 
once at the top, the Atlas resumed atone the haulaf^e. 

Arrived at the rise of Chatrnoss, the engine with its whole 
train, ascended it without help for a space of 5^ miles. 
Its velocity was however considerably reduced, 'ITie first 
six quarters of a mile were travelled with an uniform velo- 
city of 15 miles an hour, pressure 51 by the balance, or 
54lbs. by the mercurial-gauge. During the four following 
quarters the velocity was 10 miles an hour, same pressure. 
Here began a steeper ascent for half a mile. At this point 
the velocity decreased rapidly. During the first quarter of 
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a mile it fell from 10 miles to 6 miles an hour; during the 
second it fell to 3^ miles, and 4;ontinued dimiiiLshing to the 
end of the pass. In proportion as tlie velocity diminished 
the pressure rose; first to 31^, then to 32 by the balance, 
where it stopped, pressure corresponding with 53 lbs. by the 
mercurial-gauge. After the passage of the obstacle the 
velocity increased again to 4^ miles, then to 7^ miles an 
hour; after which it settled again for the rest of the ascent 
at its regular rate of 15 miles an hour. At the same time 
the pressure went down agaiu to 31 by the balance, or 
34 lbs. by the mercurial-gauge. 

At passing a second similar irregularity of short duration, 
near the bridge on the Bridgewater Canal, the same effects 
were produced. The velocity was again reduced to Similes, 
and the pressure rose again to 52 by the balance. 

The irregularity which exists on Chatmoss ia an inclined 
plane rising at the rate of 8 feet per mile, or j^^, and the 
other parts of the moss have a much smaller inclination, so 
that the average inclination is no more than tjj[jj ; but the 
dilEcnlt pass is only half a mile long. When a mass of 
200 t. arrives with a velocity of 15 miles an hour, and 
has consequently a considerable momentum, an 'obstacle, 
the inclination of which ia moderate, and lasts only for half 
a mile, cannot completely destroy the first impulse. The 
en^ne not having been able, during its passage over the 
obstacle, to acquire an uniform velocity, but contiiming on 
the contrary, to the last moment, to lose some of its speed, 
showed that that obstacle was too much for it ; but the fact, 
ascertained on a length of 5^ miles, proved that the average 
inclination of the ascent, or j^j^^, was within the limits of 
its power, with a pressure of 55 lbs. per square inch. 

This experiment having given rise to some doubts on the 
real proportions of the Atlas, we measured them ourselves 
l2 
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a few days afterwards, on August 8, 1834, when the engine 
was under repair, and they were found perfectly exact. 
The diameter of the cylinder is 12 in. ; the stroke, mea- 
oured on the crank of the axletree then separated from the 
engine, 16 in. ; wheels 5 ft., at the part that rests on 
the rail, with three-eighths of an inch more near the flange, 
and the three-eighths less at the basiied part. 

This experiment, taken on the irregularity of Chatmoss, 
gives: 



lbs. 
2,111 powerof the engine, 
2)226 resistance opposed by tlie load c 



I the accidental slope 



— 155 power niitais. 

The resistance exceeded the power. It was consequently 
really impossible for the engine to settle at an uniform 
> elocity, during its passage over the obstacle. It was neces- 
sarily compelled to lose constantly of its speed, and would 
have stopped if the obstacle had lasted any longer. 

But, taken on the average rise at j-jji^, we have : 

lbs. 
2,111 power. 
1,921 resistance of the train, equal to 240 1 on a level. 

190 corresponding friction of the engine. 

The average velocity during the experiment was 8 miles 
an hour; the least velocity Similes an hour. 

IV, Tlie same engine, on the same day, travelling with 
the same train over RainhiU flat, which is a dead level, 
attained an uniform velocity of 9.23 miles an hour; the 
balance fixed at 50 marked 50.5, or effective pressure 
53.5 lbs. by the mercurial-gauge. 
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2,054 power, 

l,5Gi resistance of the train, equal to 195^ t- on b level. 

490 corresponding friction of the engine. 

V. On July 23, 1834, the same engine, the Atlas, as- 
cended Sutto7t with a part of its train, consisting of 8 wag- 
gons, weighing 33.90 t. besides tender, and 39.40 1., tender 
included ; balance fixed at 50 and marking 52, or etfective 
pressure 55 lbs.; velocity 6 miles an hour. 

Iba. 
2,111 power. 
1,594 resistance, equal to 199^ t. on a level. 

517 corresponding friction of the engine. 

VI. On July 24, 1834, the FuRV, cyhnders U in., 
stroke 16 in., wheels 5 ft, weight 8.20 t., ascended IfhisCuu 
with a train of 10 waggons, weighing together 51.16 t., 
and 56.16 t, with the tender; balance fixed at 32 and 
marking 35, or effectave pressure by the mercjrial-gauge 
65^ lbs. per square inch in the boiler; average velocity 
6.31 miles an hour, reduced to 3.33 miles at the top of 
the plane. 

lbs. 
2,114 power. 
1,951 resistance, equal to 244 I. on a level. 

163 corresponding friction of the engine. 

VII. On July 24, 1834, the same engine, the Fury, 
ascended Sutton with a train of 10 waggons weighing 
43,80 1., and 48.80 1. including the tender ; balance fixed 
at 32 and marking 36, or effective pressure 67 lbs. ; velo- 
city 15 miles an hour. The engine drew its train with 
evident ease. 




CHAPTER IV. 



2,162 power. 

1,825 resiitance, equal to '^28 t. ou a level. 

337 corresponding friction of the engine. 

VIII. Od July 31, 1834, the Atlas, of which the pro- 
portions have already been given, cannot ascend JVhislon 
with a load of 14 waggons weighing 61.65 t., and67.15t. 
tender included, though the balance had been carried to 
57, aa point of departure, and marked 60, or eEfective pres- 
sure 63 lbs. per square inch in the boiler. 



SjI'lS power. 

2,370 resistauce, equal to 296^ t. on a level, 

39 surplus of the power over the resistance, not sufficient 
to overcome the friction of the engine. 

IX. On July 31, the same engine, the Atlas, cannot as- 
cend Sutton with a train of 8 waggons loaded and 4 empty, 
weighing 35.16 t., and 40.15 t. tender included. The 
balance had been purposely lowered to 40, as point of 
departure, and marked 42^, or effective pressure by the 
mercurial-gauge 46 lbs. per square inch. The velocity 
.from 20 miles an hour, as it was before arriving at the plane, 
fell immediately to 7^ miles in the first quarter of a mile ; 
in the second quarter it fell to 4^ miles ; in the third to 
2J miles, and at last the engine stopped. 



lbs. 

1,766 power, 
1,619 resistance, equal to 2 



a level. 



147 surplus of power over the resistance, not sufficient, as 
we see, to overcome the friction of the engine. We 
have seen that the friction of tliis engine, even without 
a load, is 152 lbs. 
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X. At the conclusion of the latter experiment, and just 
at the raoment when the engine stopped, the balance was 
raised to 45, and marked 47j, or effective pressure by the 
mercurial-gauge 51 lbs. With that pressure tlie engine 
regained velocity by degrees, and attained an uniform velo- 
city of 7i miles an hour, with which it reached the top. 



1,958 power. 

1,619 resistance, equal to 202^ t. ou a level. 

responding friction of the engine. 

XL On August 1, 1834, the Vesta, cylinders ll^in. 

(this engine had originally cylinders of 11 in., but, in 

rep^ring them, they were bored agun and acquired a 

diameter of 11^ in)., stroke 16 in., wheels 5 ft., weight 

8.71 t., with a train of !0 waggons weighing 43.72 t, 

aud 49.22 1. tender included, ascended Wkiston until 

within 60 yards of the top. There the engine was on the 

point of stopping, and several men were obliged to push 

^L very hard at the wheels in order to enable it to attain the 

^^k summit. Balance fixed at 20^, and marking 23^, or 

^H effective pressure by the mercurial-gauge 58 lbs. per square 

^H inch. The velocity of 20 miles per hour for the first four 

^H quarters of a mile of the inclined piano, was reduced to 

^H 10 miles for the fifth quarter, and to 6 miles for the foUow- 

^H ing one ; afterwards the speed fell completely, on arriving 

^H at the steep part that exists towards the top of the inclined 

^H plane. This steep part must however be ascended, before 

^H it can be said that the engine has gone up the plane ; for 

^H the average inclination calculated at g'g, comprises equally 

^H that part, and if we were to separate it from the remainder 

^H of the plane, that remainder would have a less inclination 

^^1 than Tj'^ ; consequently, the load was too much for the 

^^B engine with that pressure. 



1,915 power. 

]i746 resiatauce, eijuul lu 218^ t 



a. lev&L 



166 surplus of the power over the resistance, insufRcient to 
overcome the friction of the engine. We have seen 
that the friction of this engine, even without any load. 

s to 187 lbs. 



XII, Oh August 4, 1834, the Atlas, of which the pro- 
portions have already been given, with a train of 9 loaded 
waggons and 7 empty ones, weighing together 38,76 %,, 
and with the tender 44.26 t., could not ascend Sutton ; 
the balance being fixed at 55, and marking 57^, or effective 
pressure 60^ lbs. per square inch in the boiler. That pres- 
sure is not sufficient ; the engine is ready to stop. 

lbs. 
2,323 power. 
1,755 resistance, equal to 219^ t. on a level. 

568 surplus of the power over the resistance, insufficient to 
overcome the friction of the engine. 

This experiment and the following one confine the friction 
of the engine within very narrow limits; that is to say, 
between 568lbs. and 616lbs., and seem to raise that fiiction 
very high; but in referring to experiment No. XI, on tJie 
friction of the engines without load, we see that at the 
time those two experiments were made, the engine had been 
newly repaired, and was not yet working satisfactorily. 
On August 1, its resistance, without load, had been found 
to be 194 lbs., instead of 152 lbs. that it was before, a cir- 
cumstance which we attributed then to the connecting-rods 
not being properly adjusted ; but the ^fect seems however 
to have been more vital, and to have rather continued to 
increase, as, on August 7, the axle of the engine broke. 
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XIII. At the conclusion of the foregoing experiment, 
just at the moment the engine was going to stop, the pres- 
sure was raised, by means of the spring, to 58f by the 
balance, or 61}lbs. effective pressure per square inch in 
the boiler by the mercurial-gauge. With that pressure the 
ascent was concluded, with a speed of 3.73 miles an hour 
for the upper part of the plane. 

lbs. 
2,371 power. 
1,755 resistance, equal to 21 E>^ tons on a level. 

616 corresponding friction of the engine. 

XIV. On August 4, 1834, the Fuky, cylinders 11 in., 
stroke 16 in., wheels 5 fL, weight 8.20 t., ascended Sutloti 
with a , first-class trdn of 8 carriages, amongst which was 
an empty truck ; weight of the train 32,97 t., and with 
the tender 37.97 t. ; pressure purposely reduced to 33 lbs. 
by the balance, or 55 lbs. by the mercurial-gauge. Average 
velocity 13.33 miles, minimum velocity 10 miles an hour 
at the top of the plane. 

lbs. 

1,775 power. 
1,466 resiatajice, equal to 183^ tons on a level. 

309 corresponding friction of the engine. 

XV. On August 15, the Leeds, cylinders !1 in., 
stroke 16 in., wheels 5 ft., weight 7.07 t., ascended Snttort 
with 7 waggons, weighing 29.65 t., and tender included 
35.15 t. The pressure purposely reduced, stood at 29 
by the balance, or 48.5 lbs. by the mercurial-gauge. The 
velocity of 15 miles' an hour for the first mile of the 
ascent fell to 10 miles for the following quarter, and 
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iUm for the last quarter of « mile near the top ; 
vfllodlT 10 miles. 



13W n^taaer, equl to ItS t. w a lereL 
991 ean wp aocBBg frietion of the engnc. 

XYI, On August 16, 1834, id the oionuag. the Vesta, 
the proportions of which have already been given, ascended 
SMUm with a trail) of 7 loaded wuggoo^ weighing together 
34.43 t., and 39.93 I., tender included : the valve 
tisod at 20, as point of departure, on ih« balance, and 
blowing at 23[, or eftective pressure per square inch by the 
uiercurial-gaug« 57.25 lbs. "Wlocit}- at the top of the 
plane. '2.M miles. (The engine had set off on the plane 
without impulse or acquiiwi velocitj.) 

lbs. 

I.89I powtT. 
1,543 resistance, e<iual lo 193 t. «ii a lei-eL 

S*8 uorrespontliiig friction of the engine. 
XVII. Ou August 16, 1834, iu the morning, the 
same engine ascended Sutloit with 8 waggons, wei^ng 
31.95 1., and 37.rl5 1., tender included; balance fixed at 
20, as point of departure, and marking 23^, or effective 
pressure 58 lbs. per square inch in the boiler by the mer- 
curial-gauge. Minimum velocity at the moment of attain- 
ing the summit of the plane, S.25 miles. 

lbs. 
1,915 power. 
1,462 resistauce. equal to 182^ t. on a leveL 

3 corresponding friction of the engine. 
SVlll. On August 16, in the evening, the same engine. 
Eiscended SuKon with 6 loaded waggons, weigh- 
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ing 27.05 t., and 4 empty ones, weighing together 7 t. 
more the tender, making altogether 39.05 t. Balance 
fixed at 20 lbs. and marking 23 lbs., or effective pressure per 
inch 56.5 lbs, by the mercurial -gauge. Velocity at the 
most difficult point of the ascent, 17 complete strokes of 
the piston per minute, or 3 miles an hour. 

lbs. 

1,866 power. 
1,514 resistance, equal to 189 t. on a level. 

352 corresponding friction of the engine. 

§ 3. Table of (he Results obtained oh the addi- 
tional Friction of £!tigijies. 

If, amongst the foregoing experiments, we bring 
together those that have produced results, we get 
the following table. We have placed in it only 
those experiments, the velocity of which was not 
considerable. It is, indeed, clear that the more the 
velocity was reduced, the nearer the engine was to 
attain the proposed end, that is to say, to arrive 
at the maximum load it could possibly draw with 
its pressure : — 
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Considering the average friction deduced from 
these experiments, we see that a load of <200 1. 
causes in the engine, above its proper resistance, au 
additional friction of 362 lbs. 151 lbs. = 211 lbs. ; 
which makes 1.05 lbs., or about 1 lb. per ton. 



§ 4. New Illustration of the Mode of Calculation 
emploi/ed. 

The friction of the engines must be increased by 
the load ; for it is a principle in statics, easy to be 
ascertained in a simple machine like the lever, the 
pulley, the winch, &c., that for two forces to equi- 
librate on that machine, the fixed axis, plane, or 
fulcrum, must support the resulting effort of the 
two forces. Thus the pressure on the fulcrum is 
in ratio to that resulting force. If the machine be 
in motion, we have seen that, as soon as that motion 
becomes uniform, the power equilibrates exactly 
the resistance, or the machine falls into the preced- 
ing case. Thus again, the pressure on the fixed 
points is in proportion to the forces that equilibrate 
on the machine. Consequently, the friction follows 
the same rule, being itself in proportion to the 
pressure. 

This is appUcable to the friction on all the joints 
of an engine, and consequently to what we call its 
resistance, which is nothing else than the aggregate 
of all those frictions. 

An increase of resistance, in proportion to the 
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load, is therefore founded on principle, and the 
mode of calculation we have employed must give us 
its exact measure. It is sufficient for it that the 
engine have really attained the limit of its power 
with a given pressure; that is to say, the maximvan 
load it is able to draw with that pressure. In those 
cases in which the engine reduced its velocity to the 
rate of two or three miles an hour, it was evident that 
that point was attained, as the engine was literally 
going to stop. But, besides, we shall see that in aU 
the cases where the velocity did not exceed 1^ miles 
an hour, we were authorised also to consider the 
pressure on the piston as equal to that in the boiler. 
In fact, the steam being at a certain degree of 
pressure in the boiler, passes into a narrow steam- 
pipe, and from thence into the cylinder, where it 
immediately dilates, and would quickly attain the 
same degree of pressure as in the boiler if the pis- 
ton was immoveable. However, the piston opposing 
on the contrary only a limited resistance, deter- 
mined by the load drawn by the engine, 40 lbs. per 
square inch for instance, will obey as soon as the 
clastic force of the steam in the cyUnder will have 
attained that point. A piston which only bears a 
resistance of 40 lbs. per square inch, is nothing but 
a valve loaded with 40 lbs. per square inch. If the 
communication between the boiler and the cylinder 
were completely free, and without pipe or narrow 
fc, the piston would become a real valve for 
the boiler ; and that valve giving wav before the 




OF THE ADDITIONAI, FRICTION, ETC. 



safety valve, which is loaded, for instance, with 50 lbs. 
per square inch, the steam in the boiler could not 
rise above iOlbs. The passage, however, being 
narrowed, the piston is not a valve for the boiler, 
but it remains one for the cylinder. 

From this result three points. 1st. That the 
pressure in the cylinder is exactly equal to the re- 
sistance on the piston. 2nd. ITiat it is because the 
piston yields and gives way to the steam that the 
steam cannot augment its pressure beyond that 
point, nor rise to the pressure in the boiler ; but 
that if by any means the piston could be rendered 
immoveable, or only if it were not to give way 
quicker than the steam is generated, the equilibrium 
of pressure would immediately be established be- 
tween the cylinder and the boiler ; and, 3d., that if, 
in the steam-pipe, the velocity of the current is 
greater than the one corresponding to the genera- 
tion of the steam in the boiler, it is because the 
pressure is less in the cylinder than in the boiler, 
and that in consequence the fluid endeavours to put 
itself in equilibrium in the two vessels ; without 
which there could only be th,e current, owing to the 
generation of the steam. 

From these observations, we see that the effective 
pressure on the piston may be calculated after that 
which exists in the boiler, as soon as the velocity of 
the piston is reduced to an equality with that of the 
generation of the steam. As we shall soon know 
by experience what is the total mass of steam, at 
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the pressure of the boiler, generated by the engine 
in a given instant, it will be easy to calculate how 
many cylinders full of steam, at that pressure, the 
engine is able to furnish in a minute, and thus what 
is the velocity that corresponds to what we call 
full pressure in the cylinders. We shall then find, 
that for the engines we are examining, that velocity 
is at least twelve miles an hour. Thus we may 
consider that in all the cases in which the velocity 
did not exceed that rate, the pressure in the cylinder 
was the same as in the boiler, and, consequently, 
that in reckoning it in that proportion, we had the 
exact measure of the power then applied by the 
engine. 



CHAPTER V. 

GENERAL THEORY OF THE MOTION OF LOCOMOTIVE 
ENGINES. 



ARTICLE I. 



OF THE VELOCITY OF THE PISTON, 

In endeavouring to calculate the effect of steam 
engines, that is to say, the velocity of the, piston 
under a given load, the calculations have tintil now 
rested on two data, the pressure of the steam in the 
boiler and the resistance of the load on the piston ; 
one being considered as representing the power 
exercised by the engine, and the other the resist- 
ance opposed by the load. 

This mode appears exact at first sight, and seems 
to embrace all the data of the problem ; but the mis- 
take committed in that respect ought to have been 
discovered, since every formula obtained in that way 
is easily demonstrated false by experience. 

It is particularly when we wish to apply that 
mode or those formulas to the motion of locomotive 
engines, in order to calculate what load they are 
able to draw at a given velocity, or what velocity 
they will acquire with a given load, that we discover 
the formulie give no rational result. >i 



Wi-i tHAPTEB V. 

'i1iii cAUNn thuroot' resides ht the folloiruig bd, 
v{k, I Iml the jtrossure of nteam in the boiler is hf 
itt) iiifiuiH Uio vnmplete I'ixpression of the power of 
thu pii^iiir, I L only intticates that power for a de- 
lariiiirHnl iimtnnt. It. in indeed eufficient whenever 
It iti riHuilnnl tu compare tho eiFort applied with the 
offi'ct pnidiHod, diirinff a very short instant, or in a 
ntUHi iii' oiiuilibrium ; but a« kmhi as we have a con- 
lltmiitidii of motion, the pressure in the boiler is no 
hniHt>r milHrii'iit to reprraent the power of the en- 
ull)t<. 'rhif \* nothing more than what is observed 
I'lmtiniiaUy in tiii'chmiics. In a case of equilibrium, 
\\w iiinuiiun' of A force is the mass with which it 
mpilliliMilt'H I hut in n case of motion, the force is 
iiipri'M'iilrtl not only by the mass it sots in motion, 
hut iilmi by Ihc velocity it is able to impart to that 
iimMM. Ill olher words, tlio force is represented by 
\\* owti inlonMity mhlcd to the velocity with which 
it in iilihi to keep up that intensity. The same thing 
MiTum hiTc. The pressure in the boiler indicates 
iln' miwR with which tho engine can equiUbrate ; 
lint it ia tho velocity of generation of the steam that 
inili(uitoH the motion the engine is able to impart to 
that mass. 

1 1 iH, in fiu:t, evident that the power of the engine 
rosidcis at tho same time, both in the greater or 
umaller cpiantity of steam generated, and m the de- 
gree of proHHure or ohiHtiu force of that steam. The 
power consists thus in tho quantity of water the 
engine is abh^ to transform into steam in a given 
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time, for instance in a minute, which we shall call 
the evaporating power of the engine, and in the de- 
gree of pressure of the steam. 

In that valuation we see that the pressure is only 
the means by which to ascertain the state or intense- 
ness of the power, at the moment its quantity is 
measured j and this explains the reason why, when 
the motion is not to last, and that in consequence 
the quantity need not he considered, the pressure is 
sufficient to represent the power. But this is not 
the case in a continued motion. 

When an experiment is to be made with an engine, 
however weak it may be in regard to evaporating 
power, it will be easy, by charging the valve with 
H 50 lbs. per square inch, to fill the boiler with steam 

H at that effective pressure. If then we attach to the 

H engine a load of 100 1. which would produce, by 

H supposition, on the piston, a resistance of 46 lbs. 

^1 per square inch, atmospheric pressure included ; 

^M shall we say that the engine must necessarily draw 

^1 that load with a certain fixed speed, which wiU only 

^1 depend on the pressure of steam in the boiler and 

^1 the resissance on the piston ? No, assuredly. For 

^H if it should happen that the engine transform in a 

^M minute a cubic foot of water into steam at the pres- 

^1 sure of the boiler, it may by that evaporation suffice 

^H to produce a certain speed ; but if, aU things remain- 

^H ing the same, it only evaporates half the quantity, 

^H it is clear that it will only be able to fill the cylin- 

^1 der half as many times in a minute, and that conse- 
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quently the pressure in the boiler may remain 
strictly the same, whilst the speed of the engine 
with the same load will necessarily be reduced to 
one half. We see, thus, that neither the pressure in 
the boiler, nor the supposition that that pressure he 
maintained ui the same state in the different cases 
of motion, are sufficient to represent completely the 
power of the engine. 

It is thus the evaporation of which the engine is 
capable that rules its effect, and which must conse- 
quently give us the measure of that effect. 

If, by analogy with other boilers already tried, and 
by a comparison of the extent of the heating sur- 
faces, we calculate beforehand what mass of steam a 
boiler is able to generate in a minute, at a given 
pressure, we shall then begin to get an idea of the 
power of which it disposes, and which the engine is 
able to carry into action. 

If, better stiU, we fill the boiler with water, and 
produce by some manner or other, in the lire place, 
a fire as intense as it generally is when the engine 
is at work, so that we may thus ascertain its evapo- 
rating power, then only shall we know what the 
engine, to which we may join that boiler, will be 
able to execute in a given time. 

The pressure in the boiler, taken by itself, can 
only solve one of the questions we have to consider : 
that is to say, the greatest load the engine is able to 
draw, on account of the necessity which exists that 
the resistance on the piston should never exceed the 
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pressure in the boiler, as in that case the resistance 
would be greater than the moving power and no 
motion would be generated. But, that one case 
excepted, we must necessarily have recourse to the 
evaporating power, the pressure being only one of 
the elements of the force which is to be computed. 
The separate influence of each of those two elements 
in the result is as follows : — 

The greatest possible load is marked by the de- 
gree of pressure in the boiler, 

And the greatest speed with that load, or with 
any other, is given by the evaporating power. 

It is therefore by employing both these elements 
that we shall be able to solve the question. 

With that view we shall successively consider 
three different points. , 

The resistance produced on the piston by a given 
load; 

The pressure of the steam in the cylinder in con- 
sequence of that resistance ; 

And, finally, the determination by experiments of 
the evaporating power of the engines. 

These foundations once established, the effect of 
an engine may easily be calculated by comparing 
the force of traction the load requires, which fixes 
the power the engine must expend, with the mass 
of power of which it is able to dispose ; that is to 
say, its evaporating power. 
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ARTICLE II. 

OF THE RESISTANCE ON THE PISTON OWING TO . 
GIVEN LOAD. 



Wc have already explained that when a load is 
attached to an engine, the total resistance which is 
opposed to the motion of the piston is composed, 1st, 
of the resistance of the load ; '2nd, of the resistance 
of the engine ; 3rd, of the atmospheric pressure. 
By the same reason the real elastic force of the 
steam is not expressed by its eflFectire pressure, but 
by its total pressure. 

In the calculations wc have hitherto made, having 
only to compare the power with the resistance in 
cases of equality or equilibrium, and without admix- 
ture of any other consideration, we were at liberty 
to deduct on both sides an equal quantity, that is to 
say, to take into account only the effective pressure, 
and the effective resistance. But now we shall have 
to consider the steam in regard to its volume ; and, 
that volume being determined by the total pres- 
sure, we must keep that expression of the elastic 
force as well as the one which corresponds with it 
for the resisting force. 

Thus the resistance on the piston is composed of 
the three resistances, of the load, the engine and the 
atmosphere. Of these tlu*ee forces, that which is 
owing to the atmospheric pressure is exerted imme- 
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diately and directly on the piston. It must there- 
fore be moved with the same velocity as the piston 
itself. But witli the two others it is diflFerent. We 
have already seen that, in a machine, the pressures 
produced on different points are in an inverse ratio 
to the velocity of those points. Here, the engine 
and its train require to be moved with a velocity 
greater than that of the piston, in the proportion of 
the circumference of the wheel to twice the length 
of the'stroke. The intenscncss of the pressure pro- 
duced on the piston, by th* resistance of the load 
and that of the engine, is therefore greater than 
those same resistances in tie above-mentioned pro- 
portion of the velocity of the wheel to that of the 
piston. 

Supposing M to represent the number of tons 
composing the total load, tender included, and 71 
the resistance per ton, 7iM will be the resistance of 
the train. If besides F expresses the friction or 
resistance of the engine without load, and S the ad- 
ditional friction per unit of load, F -|- 5 M will be 
the friction of the engine at the moment it draws 
the load M. 

Thus,— 

F -H S M + reM 



will be the resistance opposed to the progress along 
the rails by the engine and its train. 

This force producing on the piston a resistance 
aogmented in the proportion of the circumference 
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of the wheel, to twice the stroke of the piston, if D 
be the diameter of the wheel, / the length of the 
stroke, and sr the ratio of the circumference to the 
diameter, 

will be the resistance on the piston owing to that 
force ; that is to say, to the friction of the engine and 
its train. 

In tbe same way, representing by d the diameter 
of the cylinder, ^■^d^ will be the area of the two 
pistons, and 



(F+SM + nM)^ 



., or (F + SM + «M)- 



1 will be the same force divided over the piston per 

i unit of surface. 

Adding to it, therefore, the atmospheric pressure 
per unit of surface, which we shall represent by p, 
we shall finally have, for the total pressure, owing 
to the resistance, 

R = (F + S M + w M>^ + p. 

In this equation M is the weight of the load in 
tons, n is equal to 8 lbs. and 5 = 1 lb. D, / and d 
are expressed in inches, F and p in pounds ; thus 
tbe value of R, when found, is the pressure result- 
ing on the piston, in pounds per square inch. 
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The quantities D, / and d might also be expressed 
in feet, and p in lbs, per sqnarc foot. In that case, 
the value of R, when found, will be the pressure per 
square foot on the piston. This way of expressing 
the resistance comes exactly to the same as the pre- 
ceding one, and is sometimes more corivenient for 
calculation. 

Applying this to a toad of 100 t., drawn by an 
engine with cylinders of 11 in. diameter, stroke 
16 in., wheel 5 ft., friction 1 10 lbs., we have, — 

too X B lba.~ SCO lbs. resistance of the train in Iba. 

110 lbs. friction of the engine without load. 
100 lbs. additional friction, owing to the load. 

lOlOlbe. total resistance to the progressive motion 
of the wheels. 
3.14.16 X60in. = 188.50in. circumference of the wheel ex- 
pressed in inches. 
2x16 in. = 32 in. double of the stroke. 

188.5 

= 5.887, ratio of the velocity of the wheel 

and of the piston. 

Thus 1010 Iba. x 5.887 = 5,946 lbs., resistance produced on the 



^ inches. 

Thus_594£^_3j_21bri. resistance on the piston, divided over 

^ each square inch of its surface. 

And, lastly, 31.21b3.-}- 14.71bs. = 461bs. final resistance per 

Bnit of surface of the pislon of an engine with cylinders of 

11 in. diaraeter, &c. drawing a load of 100 gross tons, tender 

in c hi (led. 
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ARTICLE III. 

OF THE PRESSURE IN THE CYLINDEB. 

The resistance on the piston being known, we 
may deduce from it the pressure of the steam, at 
the instant it acts as a moving power in the cylin- 
der. It is sufficient for that to observe what passes 
during the motion. 

The steam, being at first shut up in the boiler at 
any degree of pressure, passes into the steam-pipes 
and from thence into the cylinders. When it arrives 
in those cylinders, the area of which is about ten 
times as great as that of the pipes, the steam must 
necessarily expand and lose in the same proportion of 
its elastic force. However, tlie piston is still immov- 
able J Bo that the steam continuing to arrive rapidly, 
the equilihrium of pressure is quickly established 
between the boiler and the cylinder. The pressure 
then becomes the same in the two vessels, and the 
piston, being impelled hy the force of the steam, 
begins slowly to move. The motion is communi- 
cated to the engine and to its whole train, and the 
mass gets a certain speed. This acquired speed con- 
tinuing a little longer than the cause which produced 
it, the consequence is, that, at the following stroke, 
the steam finds the piston already slowly driven in 
a retrograde direction, at the moment when it gives 
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it a fresh impulse, which in its turn is communi- 
cated to the total mass, where it continues to ac- 
cumulate. Thus, receiving at each stroke a fresh 
impulse, while it still keeps the preceding one, 
the piston accelerates, by degrees, its speed, and the 
train finally acquires all the velocity the engine is 
able to communicate to it. 

We have said that, at the beginning of the mo- 
tion, an equilibrium of pressure is established be- 
tween the boiler and the cylinder ; but, in propor- 
tion as the velocity of the piston increases, this pis- 
ton recedes, in a way, before the steam, without 
giving it sufficient time to estabhsh the equilibrium, 
so that the pressure in the cjhnder must necessarily 
diminish. 

Nevertheless, the increase of the velocity and the 
diminution of the pressure have their hmits. It is 
observed in every machine that the speed, at first 
very small, increases by degrees, as we have said, 
but only to a certain point which it never passes, 
the moring power not being capable of a greater 
speed with the mass to be moved. If the machine 
is well-constructed, and particularly if it is regulated 
by a fiy-whecl, the velocitj" once acquired is main- 
tained without alteration, although the action of the 
moving power may continue to vary or to oscillate 
between certain limits, and the motion becomes per- 
fectly uniform. 

In the engines we consider, the mass of the train 
itself acts the part of a fly-wheel. That mass re- 
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by the moving power, must be equal to the pressure 
of the resistance against the piston, which is tlie 
efi'ort made by the resistance. This principle has 
been already demonstrated less extensively in ano- 
ther place. 

We know thus the pressure at which the steam 
is expended by the cylinder, and as we also know 
the volume of the cylinder, we shall be able from 
both to conclude the absolute expense of power 
which takes place at each stroke of the piston. It 
is that expense which, compared with the total mass 
of steam of which the engine can dispose, will give 
us, without any difficulty, the means of determining 
the velocity of the motion. 

ARTICLE IV. 

OF THE EVAPORATING POWER OF THE ENGINES. 

§ 1. Experiments on the Evaporating Power of 
the Engines. 

We have yet to determine the chief element of 
the question, viz. the evaporating power of the 
engines or the quantity of water they are able to 
transform into steam, under a determined pressure, 
in a given time. 

With that view we undertook a series of experi- 
ments on the quantity of water evaporated by the 
engines of the Liverpool and Manchester Railway, 
during their journey from one of those towns to the 
other. 
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All the tenders on that railway having exactly 
the same dimonsionB and an uniform shape, one of 
them waa weighed, first empty and then loaded, 
wherehy was ascertained that every inch of water 
in the tank corresponded exactly with a weight of 
^Ot).5 lbs. Then we proceeded in the following 
manner : — 

We first ascertained, by means of the glass tube, 
at what height the water stood in the boiler at the 
moment of starting ; and then we also measured 
the exact height of the water in the tender. At 
the end of the journey, or at the intermediate sta- 
tion, if the engine stopped to take in fresh water, 
we first filled the boiler to the same height where it 
stood before sotting off^, and then we measured the 
water remaining in the tender. The difference be- 
tween the height in the tender gave the consump- 
tion of water during the journey. 

When describing these experiments, in order that 
the reader may see at once before him all the ele- 
ments that have any importance in the question, we 
shall give the load of the engine, the time it took 
to complete the journey, which shows the velocity, 
the distance being 29^ miles, the state of the spring- 
balance from which the pressure results, and finally 
the temperature of the water in the tender at the 
moment of starting. We shall explain hereafter 
the colunm containing the total rising of the valve, 
which would permit all the steam generated in the 
boiler to escape. 




In those experiments, we have mentioned the 
state of temperature of the water in the tender, be- 
cause that circumstance must more or less facilitate 
the generation of steam, as it is e-asier to bring to 
the boiling point water already warm than cold 
water. However, as the temperature we mark in 
the tender, exists only at the moment of starting, 
and as it can remain thus only during a very small 
part of the joumevi which lasts an hour and a half 
to two hours, it really has but a veiy inconsiderable 
influence on the result, of which the above experi- 
ments are, besides, a sufficient proof. 

We have also set down the pressure under which 
the steam was generated in each experiment. Wa- 
ter not being able to evaporate under a high pres- 
sure, unless by means of a higher temperature, we 
have reason to suppose that, cwteris paribus, the 
engine must be able to evaporate less water under 
a more considerable pressure. But as we shall see 
below, in a table we shall give on the volume and 
temperature of the steam, that between the degrees 
of pressure at which the engines constantly work, 
viz., between 50 and (SO lbs, effective pressure per 
square inch, the difference of temperature is only 
nine degrees by the thermometer, or 4^ degrees 
difference for the mean pressure, we shall easily be 
convinced that the influence of the pressure on the 
(quantity of water evaporated must be almost imper- 
ceptible. Besides, when we employ a less elevated 
pressure, the steam generated under that pressure 
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occupies more space, the boiler is too Bmall to con- 
tain it, and the valve is consequently more subject 
to blow. The result is, that the engine-man, ac- 
customed to regulate himself by the valve, seeing 
it continually blow, does not animate his fire so 
much as in the case where the valve is fixed at a 
higher pressure. 1"his circumstance, therefore, 
compensates for the former one, and frequently sur- 
passes it. 

We see, consequently, in the related experi- 
ments, that the speed is the only thing that has a 
constant and perceptible effect on the generation of 
steam. 

The cause of this effect of the speed is, that in 
those engines the steam, in issuing from the cvlin- 
ders, is conducted to the chimney, where it creates 
an artificial current of air, and acts exactly in the 
same manner as the bellows in giving activity to the 
fire. Every jet of steam represents a stroke of the 
bellows ; and it is consequently clear, that the more 
rapid the motion of the en^ne, the more cylinders 
of steam will be thrown into the chimney in a mi- 
nute, and the more violently also will the fire be 
excited. 

By examining the experiments, we find, in fact, 
that the greater the velocity of the motion, the 
more considerable was the evaporation ; and for 
that reason it is necessary, in endeavouring to de- 
termine the evaporating power of the engines, to 
take them at their average velocity. 
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The speed of 18^ miles per hour, which is the 
average speed of our experiments, fulfils tolerably 
well that condition for the Liverpool engines. We 
must, therefore, consider the corresponding evapo- 
ration, which was equal to 55,S2 cubic feet per 
hour, as the average evaporation of the enginea 



Nevertheless, we see that some of those engines 
have evaporated 60 or 62 cubic feet of water per 
hour, which makes a cubic foot per minute, or a 
pound of water per second. 



§ 2. Of the evaporating Power per wiit of heating 
Surface. 



However, as the different engines that figured 
in the experiments difiered in regard to their heat- 
ing surface, we can determine precisely the evapo- 
rating power only, by comparing the efiects of eva- 
poration with the dimensions of the surface which 
produces them. 

That is the object of the two last columns we 
added to the preceding table, which repeat the di- 
mensions of the heating surfaces of the engines, so 
as they were given with more particulars in our 
first chapter (Chap. I. Art. H. § 3.) 

By the mean results of those two columns, we see 
that the average evaporation of 55.82 cubic feet 
of water, was produced by a heating surface consist- 
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ing of 43.12 square feet exposed to the action of 
the radiating caloric, and 288.35 square feet ex- 
posed to the communicative heat. This is, there- 
fore, the extent of evaporating surface to which we 
must refer the effect produced. 

If we admit, in consequence of the experiment 
related in our first chapter (Chap. I. Art. II. § 3), 
that each unit of surface exposed to the communi- 
cative heat produces the third part of the effect that 
same surface would prodace if exposed to the ra- 
diating caloric, the heating surface above may be 
represented by 139-24 square feet exposed to the 
immediate or radiating action of the fire ; and as 
those 139.24 square feet have produced in an hour 
the evaporation of 55.32 cubic feet, we see that each 
square foot has evaporated a volume of water ex- 
pressed by 0.401 cubic foot. 

Thus at a velocity of 18^ miles per hour, which 
is nearly the average speed of the engines, each 
square foot of heating surface, exposed to the radi- 
ating action of the fire, evaporates in an hour a 
volume of water of 0.401, or a little more than -^ 
of a cubic foot. This is the expression of the eva- 
porating power of the engines per unit of heating 
surface. Multiplying this, for each engine, by the 
extent of the heating surface, we shall find the total 
evaporating power of the engine. 
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§ 3. Of the. effectiue euaporattng Powe 

Engines. 



of the 



We must however remark, that although all 
that water is transformed into steam, there is only 
a part of it applied to the working of the engine. 
To be convinced of this fact, we need only examine 
the valves of the engines while working. We see 
them constantly emit a considerable quantity of 
steam, which, instead of entering the cylinders, es- 
capes immediately into the atmosphere. This loss 
is a defect which it would perhaps not be difl&cult 
to correct, and, if corrected, would tend consider- 
ably towards an economy of fucL 

The plan in contemplation on the Liverpool Rail- 
way of replacing the present cylinders of the engines 
by others of a greater diameter, will at least have 
that advantage, that in case of considerable loads, it 
will render available all the steam generated in the 
boiler. 

In the experiments of which we have given an 
account, not only is that loss perceptible, but it is 
even susceptible of being to a certain degree appre- 



Under the head "State of the Spring-balance," we 
have inscribed in the table above, according to tlic 
observation in each experiment, the point of depar- 
ture of the spring-balance, and the point at which it 
rose by blowing. The interval between these two 
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degrees gives the rising of the valve that took place 
during the experiment, to which rising was owing 
the escaping of the steam. Thus, in the first expe- 
riment, the valve of the Vulcan, fixed at 31 as point 
of departure, rose to 32^ by the blowing ; conse- 
quently, the rising of the valve was of 1^ degree on 
the balance. The same for the others. 

In the following column we have given the quan- 
tity of rising sufficient for the valve of each of the 
engines to give issue to all the steam the engines 
are able to generate. This point may have been 
already observed in our experiments on the pres- 
sure. We have seen, that whatever care be taken 
to animate the fire, the valve can never rise beyond 
a certain point, because then it gives issue to all 
the steam generated. An exact knowledge of this 
point was easy to acquire by observation in the nu- 
merous experiments on the velocity of the engines 
we are going to relate. 

Thus we found, for instance, that the Atlas en- 
gine, travelling at its greatest speed, and stopped 
all of a sudden, at the instant it was generating 
the most steam, raised its valve from 50 de- 
grees to 54 degrees ; and that the passage re- 
sulting from that rising was sufficient to evacuate 
all the steam. In the same manner, the Leeds, 
Vulcan, and Fury, raised in similar circumstances 
their valve from 31 to 36, Vesta from 20 to 23^, 
and Firefly from 17 to 20; the second valve of 
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these engines being, besides, at the points indicated 
for them in our experiments oa pressure. These 
grees of rising natarally depend, IsL, on the 
[ quaatitr of steam generated by each engine, and the 
[ diameter of the valte; ■iad,, oa the dimensions 
r of the levers and the sixe of the diviaioos of the 
[ balance, which makes a degree by the balance oh'- 
I nspoDd with a greater or a leser rising ; and, 
|:hstlT, on tba seccatd ralve, which may give more or 
I less issoe to the steam. 

Tbese circmistances ^ipl?"* the dif^rvnces that 
tftpMT to exist betwvoi die ez^iDes. In the At- 
LA^ the n w^ ffl rf ralve gave no issue to the steam, 
and the first was •mbr ^ in. in diameter ; bat the 
tf TisiiOBS of the balance of that engine b^ng very 
Ineat, on acootmt of the proportions of the lerer, 
ftmr divisions of the balance were equal to a consi- 
derable rising' of the valve, which was sufficisit to 
evacuate the steam. In the Leeds, Vulcan, and 
FuBY, the second valve did not rise in the pres- 
sures we employed ; but the first valve, which is 
the one we consider here, was 3 in. in diameter. In 
the Vesta, the second valve gave issue to the s 
as well as the first ; the consequence of which was, 
that a rising of 3.5 degrees of the balance was s 
cicnt for the evacuation of the steam. Lastlv, in the 
Fjreflv, only one of the valves blew, but at the 
time of the experiments that engine was in a very 
Iiad condition. Its boiler was leaky, the water ran 
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out into the fire-place, where it evaporated, and 
a very small quantity of steam was really collected 
in the hoiler. 

Repeated experiments having, therefore, deter- 
mined these points in a positive manner, it now be- 
comes possible, with the elements we have at our 
disposal, to appreciate the quantity of steam that 
escaped during the above-mentioned experiments. 
It is sufficient for that to compare the two columns, 
one of which shows the rising that really took place, 
and the other the rising that would have been suf- 
ficient for the evacuation of all the steam. By that 
means, we shall find that the average rising that 
took place during the experiments was 12 on 4<6.5. 
A quarter of the steam was, therefore, lost through 
the valve — we might even say a little more, parti- 
cularly considering that the Firefly engine was 
then in a bad condition — and lost some of its steam 
through the leaks of its boiler, 

On the other hand, that loss of steam is not ac- 
cidental, but inherent to the construction itself of 
those engines ; and among- all the experiments on 
the velocity that we shall relate below, there will 
scarcely be found a single instance in which that 
efi^ect was not produced ; a,nd when it was not, the 
reason was that the fire was not excited to the 
highest possible degree. It is therefore necessary 
to establish a distinction between the evaporating 
power of the engine and what we shall call their 
effective evaporating power ; that is to say, the part 
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of that power which is really applied to the working 
of the engine. 

From the experiments above, we find that of all 
the steam generated in the boiler, three quarters 
only enter into the cylinders. 

Thus, the evaporating power per square foot of 
heating surface exposed to the radiating caloric, 
having been found to be 0.4.01 cubic foot, the avail- 
able part of it, or the effective evaporating power 
expressed in cubic feet of water evaporated in an 
hour per square foot of surface, is 0.301 cubic fjott 
or -^ of a cubicfoot. 

Finally, returning to the mean of the above 
experiments, the evaporating power was in each 
hour 55.82 cubic feet \ consequently, the effective 
evaporating power, taken as an average for all the 
engines, is 41.87 cubic feet. 

ARTICLE V. 

OF THE PROPOKTIONS OF THE ENGINES, AND 
THEia CORRESPONDING EFFECTS. 

§1. Analytical expressi(m of the Velocifif of the 
Engine with a given Load. 

With these elements it is easy to determine the 
velocity which an engine is able to acquire with a 
given load. 

Supposing, for instance, we have a load of 100 t., 
tender included, attached to an engine with cylin- 
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ders of 1 1 in. diameter, stroke 16 in., wheels 5 ft., 
friction 1 10 lbs., effective pressure of the steam in 
the boiler 50 lbs. per square inch, and finally efiective 
evaporating power, such as we have found it for 
the average of the Liverpool engines, that is to say, 
■il.Sy cubic feet of water evaporated in an hour. 

We have already seen above (Chap. V. Art. II.), 
that the total resistance which that load opposed to 
the motion of the piston in the case of that engine 
was 46 lbs. per square inch ; and we have also seen 
that, in consequence of that resistance, the total 
pressure of the steam, when arriving in the cyhnder, 
was also necessarily 46 lbs. per square inch. 

The mass of water evaporated is 41.87 cubic feet 
per hour, or 0.70 cubic feet per minute. This water 
is immediately transformed, in the boiler, into steam, 
at the effective pressure of 50 lbs. per square inch, 
or at the total pressure of 05 lbs. per square inch. 

But we know the volume of the steam generated 
under a determined pressure. Tables of that vo- 
lume have been formed from experiment, and one 
will be found below, § 11. According to these tables, 
the steam, generated under a total pressm-e of GS lbs. 
per square inch, occupies 435 times the space of 
the water which produced it. Thus the water 
transformed into steam at the total pressure of 
65 lbs. per square inch, aJid spent each minute in 
the motion, formed a volume of 

0.70 c. ft. X 435 = 304 cubic feet. 

This steam, penetrating into the cylinders, is then 
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' 46fta. Its tempovtiini 



E the m^Hb WcMM e the pipes that 
[ BBBdaet it to Ifae eHJadBn aad the crfinders tbem- 
1 m tke boiier, or ramnmded by 
tbe flame tint iiwii i otf of the fire-place. We 
know that the space < i e c»pif*l hf the steam, when 
ite temperature Femains the same, aagments in an 
inrerse ratio tc the pressore. At the moment it 
airives in the cylinders, that same mass of steam 
occupies conseqaently a greater space in the pro- 
portion of 65 to 46. 

Thus its total volame is then 



301 X — = 430 cqIhc feet- 



Now, the area of the two cylinders is I90 square 
inches or 1.3^ square foot ; thus the above Tolume 
of 430 cubic feet of steam, passing through the cy- 
linders in a minute, must necessarily cross them 
with a yelocitj of 

= 326 feet per mmute, 

1.32 ^ 

which gives us, consequently, the velocity of the pis- 
ton in feet per minute with the supposed load. 

To deduce from that the speed of the engine in 
miles per hour, we must observe that an hoirr con- 
. tainsGOminutes.andthusthattbespeedperhourwill 
60 times as great ; a mile containing 5280 ft., 
the produce must be divided by that number in 
|order to have the speed expressed in miles ; and 
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finally the speed of the engine, according to the pro- 
portion of the stroke to the diameter of the wheel, 

is 5.887 times that of the piston. 
We shall consequently have 



- X 5.887 = 21.83 miles, velocity of the en- 



gine per hour. 

Thus we see that the evaporation supposed above, 
must necessarily produce a velocity of Sl| miles per 
hour for the engine ; that is to say, that a locomotive 
engine, with the above-mentioned proportions, is able, 
if In a good condition and with a well-animated fire, 
to draw a load of 100 t., tender included, with a 
velocity of 2l| miles an hour. 

The same mode of calculation may serve for any 
other load or any other engine. Thus, in general, 
making again use of the letters already employed in 
our research of the resistance on the piston, viz. 

M representing the number of tons of the load. 

n the resistance of the load per ton. 

F the friction of the engine without load. 

8 its additional friction for each ton of the load. 

D the diameter of the wheel. 

d the diameter of the cylinder. 

/ the length of the stroke. 

And p the atmospheric pressure per unit of 
surface. 
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will be the pressure of the steam per unit of surface 
in the cylinder as above demonstrated (Chap. V. 
Art. II.). 

If, besides, 
P express the total pressure of the steam in the 
boiler J 

Sf the effective evaporating power of the engine 
expressed by the nuniber of cubic feet the boiler is 
able to evaporate in a minute at the pressure P, 

And m the ratio of the volume of the steam, at the 
degree of pressure P, to the volume of water, 



will bo the total volume of steam generated in a 
minute at the pressure P of the boiler. 

The steam, arriving in the cylinder, passes from 
the pressure P to the pressure R, and changes its 
volume in an inverse ratio to the pressures ; so that 



is the space occupied by the steam when arrived in 
the cylinders. 

This volume of steam, crossing the cylinders in a 
minute, if we divide it by the area of the cylinders, 
we shall have the speed it mut^t necessarily have, 
and consequently the velocity it will communicate 
to the piston. 

Now the area of the two cylinders is }^ wd' ; thus 
the velocity per minute will be. 
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In order to effect that division, the area of the cy- 
linders ought necessarily to be expressed in units 
similar to those of the volume s. The area of tho 
cylinders must be then expressed in square feet and 
not in inches ; and the same condition is conse- 
quently required also for R, P, and p. So in the 
calculation we must express the pressures in lbs. 
per square foot, which puts them at the same rate 
as if expressed in the usual manner. 

Passing from this expression to the velocity of 
the engine, we know that it is to the velocity of the 
piston in the proportion of the circumference of the 
wheel to twice the stroke, thus the speed of the en- 
gine is 

_ ms PD 

or, putting for R its value Ibund above, and passing 
from the speed per minute to the speed per hour, 
in multiplying by 60, 



V=60- 



(F + S M -I- mM ) D + p (f/ 



It must be remarked that GO s is equal to S, or 
the evaporating power per hour; that is to say, that 
by employing this value it is no longer necessary to 
multiply by 60, and the reckoning will be simpliBed 
in its application. 
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'riie formula will then be. 



V = 



[F + (;+«)M]D + ^rf'/ 



This will consequently be the general expreesion 
of the velocity of the engine per hour ; expression 
in which everything is known by measures taken 
on the engine, even the evaporating power S, which 
results from the extent of the heating surface com- 
puted as above, m, which is the volume of the 
steam generated under the pressure P, is found in 
a table Uke the one below (Chap. V. Art. V. § 11.). 

By means of this formula, and by measures simply 
taken on the engine, it will therefore be easy to de- 
termine immediately the effect we may expect from it. 

In that expression, the evaporating power S being 
expressed in cubic feet, the resulting speed will also 
be expressed in feet. If we wish to have it in miles, 
as a mile contains 5280 ft., it will be sufficient to 
divide by that number, and the result will be the 
speed of the engine in miles per hour. 

We shall see further on that the produce jnP is 
almost invariable ; and consequently we learn by the 
inspection of this formula, that the velocity of an 
engine with a given load increases with the heating 
surface and the diameter of the wheel, and dimi- 
nishes, on the contrary, when the diameter of the 
cylinder and the stroke of the piston augment. 
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§ 2. Analytical expression of the Load that an 
Engine can draw at a given Velocity. 

K, on tbe contrary, we wish to know the load a 
given engine can draw at a determined speed, it is 
sufficient, in the foregoing equation, to consider V 
as known and to draw from it the unknown quan- 
tity M. 

It will then be, 

nPSD— fldWV F 



M = 



-(6+«)VD 

After the manner that the calculation has been 
established, it is clear that the value we shall find 
for M, will be the number of tons of the total load, 
that is to say, tender included. 



§ 3. Of the Heating Surjnce that must be adopted 
to obtain from an Engine a deternmied Vehcity 
with a given Load. 

The same equation may also serve to determine 
any one of tbe indeterminate quantities in the gene- 
ral problem of locomotive engines. Thus, for in- 
stance, it will show the extent of heating surface, or 
the evaporating power necessary to enable an engine 
to draw a known load at a fixed speed. For that, 
we have only to draw from tbe general equation the 
value of S. 

It will be, 

g_ V[(i + «)MD-HFD-HpJ'f] . 
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The result thus obtained will be the effective 
evaporating power of the engine in cubic feet of 
water per hour ; and as we have seen (Chap. V. 
Art. IV. §3) that the effective evaporating power 
is equal to ^ of the heating surface expressed in 
square feet, we shall easily obtain the last by multi- 
plying the result by the fractional number '3". 



§ 4. Of the Maa-imum Load of an Engine with 
a given Pressure. 

We found above (§ 2) the expression of the load 
an engine is able to draw at a given velocity ; and 
the less the velocity, the more considerable may be 
the load. We must, however, add that in all cases, 
for the motion to be possible, the resistance on 
the piston must not be greater than the force 
that is to move it. Consequently, the resistance 
we have expressed by R must, at most, be equal 
to P. This observation fixes the limits of the 
possible load, with a determined pressure. Beyond 
that point the equation may continue to give results, 
but they will no longer suit the question. The 
limit of the load with the pressure P will thus be 
known by the equation R =: P ; or, 

:F + (8 + n)M]^^ + p-P, 

which gives 

{V~p)dU F 



Mz 



(i + n)D a + n 
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This equation will ^ve the maximum load of the 
engine, including the weight of the tender, suhser- 
vient, however, to the conditions of adhesion ex- 
plained hereafter, in Chap. VIII. 

§ 5. Of th4t Volocilti ofthf Efigine corresponding 

frith thiC Majrimmn LiKid. 

Putting that value of M in the formula that gives 
the speed, wo have the speed cx>TTesponding with 
the maximum load- After the ne<5essaiT reductions 
find— 



d'l 



If we write this expression under the following 
fimn — 

we shall perceive, at first sight, that it is exactly 
the speed produced by the passage in the cylinders 
of the steam of the boiler, when that steam under* 

goes no reduction of pressure. In fact, ^ is the 



of steam produced at the pressure ofth^* hoilm^ 
divided bv the area of the two cvlinders : that is to 
BBWj the speed which its passage in the cylinders, 
without alteration, produces for the piston ; and 

multiplying that quantity by which is the pro- 

portion of the velocity of the engine to that of the 

o 



19i numn t. 

pHlOBiUie nvah Irill BatnnOT be the reiame speed 
of the engine. 

We alio tee that in tbe case of a wtoHmtim load, 
the pnmusv of the steam in the cvfinder will be the 
fame as in the bmler, and that its velocity will be 
tbe very velocitv at which the steam is generated in 
tbe boiler ; results which besides are, of tbem- 
telxen, endent to an attentiTe mind, and wfaidi have 
already been pointed out. 

In regard to the limit of speed with small loads, 
the engine-mcD never urge it so as to risk an acci- 
dent, by too great a reloeit}' in the motion of the 
piHton, or other parta of the mechanism. Onh* ooe 
eingle instance, in the experiments we shall relate 
below, will be found, in which the engines attained 
' A ipeed of 35 miles an hour. This Telocity is the 
greatest that has been observed, until the present 
moinent, except during some extremely short inter- 
ralfl. Wlicn the train is too light, the engine- 
men take care partially to shut the regulator, and 
not to animate the fire to its highest pitch, as we 
shall ratmtion hereafter. 



§ 0. Of the Diameter that ought to be given to Ute 
Cylinder, to render mi Engine capable of attain- 
ing a fixed Ma-xiwvmi Load. 

'\'\m Kartii! equation from which we have con- 
(;luded above (§ 4) the limit of possible loads with 
b given presBure, may also serve to determine the 
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diameter that ought to be given to the cylinders of 
ail engine to render it capable of drawing a fixed 
load at a certain pressure, viz. : 



_ / D[(-i+H)M+F] . 
^ (P-P)l 

This diameter will be expressed in feet, accord- 
ing to the manner the calculation was made. It 
will be easily reduced to the common expression in 
inches. 



§ 7- Of the Length that ought to be given to the 
Stroke of the Piston of an Engine, the Cylinders 
of which have already a fixed Diameter, so as to 
enable that Engine to draw a certain Maximum 
Load. 

In the same manner, also, if the diameter of the 
cylinder has already been chosen on account of 
some other consideration, we may, in a certain 
degree, produce the same effect ; that is to say, 
render the engine able to attain the maximum load 
required, by adopting for the stroke of the piston a 
suitable length. In that case the equation gives- 



_D[(a + »)M + F] 



(P- 



P)'/' 



This measure of the stroke will be expressed, 
according to the adopted measures, in feet and de- 

o 'i 
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must be produced in the boiler to enable the engine 
to attain the maximum load required. The same 
equation resolved in that case, in regard to the 
quantity P considered as unknown, gives — 

^ _D[(3 + «)M + F] 



This pressure will be expressed, according to the 
adopted measures, in pounds per square foot, but, 
by taking the j^ part of it, we may reduce it to 
the usual expression of pounds per square inch. 

The same wmdd take place in regard to any 
other research. These deductions are easily found ; 
— we shall not stop any longer on this point. It is 
scarcely necessary to add, that the values given by 
those equations are only applicable to the questions, 
in as far as they are not in opposition to the prac- 
tical rules of constru-tion. Thus, the pressure de- 
termined above must in no case exceed the resist- 
ance of which the metal of the boiler is capable ; 
neither must the diameter of the wheel be large 
enough to put the engine in danger of going off the 
rails, nor small enough to destroy its speed, &c. &c. 

§ 10. Synoptical Table of tlie preceding Formulce. 



Id a view to facilitate practical researches, we 
shall collect here those different formulse into a tabic. 





t ftt MM of the had, or according 
i Atmtt Bade, n = 8 lbs. 
t. tfew trwCMM «r tfc* eapw wkhnot toad, taken, 
to At vntw^ of the above experi. 
the eapae b oot vet con- 
l i tkaC is ii» a^ ct iS &&. per too of its 
Is case the eatgiae is already 
w wiskiB to abliai a Terr ac- 
cUTtttv rwult. F wttst be ikiuaaaiil by a direct 
o\(twrtiuout nutcte ua tW <«giBr itscK 
i^ 1^* tHklitiittMl {hctiaa of tb» cap a e per too of 
Kwl> tv iMx-itnlini; to tbe ibiiiMMaiiim bere- 
)ibitv«\ it = t Ih. ; Mtd. ctjoseqamtir. ( t 4- n ) = 

I\ tW diiuu«ter of the wheel expressed in leei. 
>4x llu) diameter of the rvtiiKliH't also expressed ib 

Ixx't mid dei-imal^ of Sfet. 
J, tht^ leii^h of the sU\>ke. in Kvl aud decimals of 

1\ the tottii pressure (or atmospheric pressure m- 
ohHUii) of tlte steam io the boiler, expressed in 
(RHUuls per square foot; that is to say, 144 times 

|hp pressure per square inch. 

Ale atmospheric pressure expressed in pounds per 

quare ibot as above, that is to sav, p =: ^1 17 lbs. ; 

fid, consequently (P — p), ihe ef^tivv pree- 
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sure of the steam in the boiler, being expressed 
in the same manner, viz., in pounds per square 
foot. 

S, being the effective evaporating power of the en- 
gine per hour, or otherwise, according to the 
described experiments, S being the -^ of the 
number of square feet in the redttced heating 
surface. (It will be recollected, that the reduced 
heating surface itself consists of the sum of the 
heating surface of the fire-place, more the third 
part of the heatmg surface of the tubes.) 

m, being the ratio of the volume of the steam at 
the total pressure P, to the volume of water that 
has produced it, according to the known tables, 
one of which will be found in one of the following 
paragraphs. 

V, finally, being the velocity of the engine in feet 
per hour, that velocity being necessarily ex- 
pressed in that manner for the general harmony 
of the calculation ; but as a mile contains 5280 
feet, it can easily be reduced to the speed in 
milefi, and vice versa. 
These diflFerent signs being thus well understood, 

and the letters n and 5 being replaced by their 

values, 8 lbs. and I lb., the formulae above give the 

following table : — 
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We must remark that these formula! are not 
such as are called empiric ones ; that is to say, 
imaginary suppositions, corresponding more or less 
exactly with experience. They are, on the con- 
trar}^ rigorous deductions from the most solid princi- 
ples of mechanics ; their elements have been deter- 
mined by direct experiments, and their results will 
soon be confirmed in the same way. 

In all eases, these formulEe suppose the engine 
drawing its load on a dead level. If it be required 
to] apply them to the case of an inclined plane, it 
will suffice to take for M, not the nominal load of 
the engine, but its real load ; that is to say, not 
merely the resistance of the waggons, but their re- 
sistance ui ascendhis ilie inclined plane in question, 
as will be seen in Chap. VII. Art. II. 



§11. Table of the Volume of the Steam generated 
under different degrees of' Pressure, necessarj/ for 
the application of the Formula. 

The use of the fonnulfe we have obtained, neces- 
sitating a knowledge of the volume of the steam at 
different degrees of pressure, we subjoin here a table 
which we have calculated from 5 to 5 lbs. pressure, 
The intermediate degrees may be easily filled up ; 
but it would be an unnecessary operation, as we 
shall see that the pressure in the boiler has so little 
influence on the speed, that we may, in our calcula- 
tions, take from the table the pressure nearest to 
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§ I'i. Of the combined Proportioiis that ought to he 
given to the parts of an Engine, in order that it 
may fulfil several conditions at the same time. 

We have given, above, separate from each other, 
the different practical formulae of locomotion ; but 
we may also combine those formulae with one ano- 
ther. To give an example of this, and at the same 
time a practical application of the results obtained 
hitherto, we shall suppose that it is required to 
build an engine capable of drawing a certain given 
maximum load, and, at the same time, capable of 
attaining a certain speed, with another load also 
known. 

In this case we may determine the diameter of 
the cylinder, according to the first condition ; and 
the heating surface of the boiler according to the 
second. Letting, therefore, M' be the given maxi- 
mum load, M" the second load mentioned above, 
and V" the velocity of the engine corresponding 
with that second load, we shall have simultaneously 
the two following equations : — (See § 6 and S.) 



/ D (9 M' + ] 



V"C(9xM" + F)D+prf'i] 
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On an inclination of ^, the gravity of a 
weight of 112 t., which is the weight of the train 
and engine together, is in pounds. 

112 X 2240 

^ — = 1254 lbs. 

200 

Now, 1254 lbs,, at the rate of 9 lbs per ton (in- 
cluding the increase of friction in the engine), re- 

1254 

presents the resistance of = 139t. on a dead 

level. The surplus of resistance occasioned by the 
inclination of the plane is, therefore, equal to the 
traction of 139 t. on a leveL Consequently, the 
total traction on the rising ground will be 139 1. + 
100 1. z= 239 1. 

Thus, in this case, the load on the inclined plane 
will be .... M'=239 t. 
And the load on the dead level - M'^zrlOO t. 

The engine being supposed to weigh 12 1., 
with coupled wheels, will have a friction of about 
180 lbs. If, besides, we suppose it to have a wheel 
of 5 feet, with a stroke of 16 in. or 1.33 ft. ; and 
if we wish' the effective pressure (P-p) in the 
boiler, during the ascent, not to exceed 60 lbs. per 
square inch, or, in other words, 8640 lbs. per square 
Jbotj the first equation will give, for the diameter of 
the cylinder — 

^ 8640 X 1.33 
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Thus the cylinder must have 1 ft. or 12 in. in 
diameter. 

This value must be introduced in the second 
equation with the other data of the problem. Ob- 
serving, moreover, that during the journey one may 
reduce the effective pressure in the boiler to 50 lbs. 
(or 65 lbs. total pressure) per square inch, which 
gives for the corresponding volume of the steam 
m ^ 435 (see the table given in the preceding 
paragraph), the second equation will give — 
(900+180)5 + 2117 X 1 X 1.33 . 



S =20x5^280^" 



- = 42.65. 



+35 X (65 X 144) X 5 
By which we see that the effective evaporating 
power S of the engine must be 43 cubic feet of 
water per hour. And, as we know, by the experi- 
ments related above, that the effective evaporating 
power is equal to -j^ of the reduced heating surface, 

this surface must be 43 x — := 143 square feet. 

Finally, this last condition will be fulfilled by giv- 
ing, for instance, to the fire-place a heating surface 
of 50 square feet, and to the tubes a surface of 280 
square feet. 

This example indicates sufficiently the manner in 
which the calculation is to be made. It would be 
the same with any other combination that might 
occur. Evidently, nothing is required but to bring 
together the different equations concerning the dif- 
ferent unknown quantities, and to express that they 
exist simultaneously. 
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PRACTICAL TABLES OF THE PROPORTIONS AND 
EFFECTS OF THE ENGINES. 

§ 1. A Practical Table of the Diameter of the 
Cyliyider and Pressure of Steam, necessary to 
enable a Locomotive Engine to draw a given 
Maxirnvm Load. 

We have just calculated, in a special case, the 
diameter necessary for the cylinder of aji engine 
working at a given pressure, so that it may draw a 
certain maximum load. In continuing the same cal- 
culation through a series of different cases, after 
the formula § 6, we form the following practical 
table, which will show either the diameter of the 
cylinder when the pressure is given, or the pressure 
in the boiler, when it is the diameter of the cylinder 
which is determined, or, finally, the maximum load 
when the two other data are fixed beforehand. 

It must be understood that the engines will not 
be able to draw the loads marked in the table, un- 
less the rails are in such a state as to offer a suffi- 
cient adhesion to the wheels ; without which condi- 
tion, the movement could not be effected, as will 
be explained in Chap. VIII. 
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« fB*CTIC4L TABLE OF THE UIAII ETEB OF THE CYI.INDEK AND PKESaCBE 
or STEAU COBBEBFONDINC TO GIVEN MAXIMUU LOADS. 






DeKrlpllnnofAeEnglnf, 


i^i. 


DluBMrr of the Cylinder, In Inchai. 

Uh nrcDure per iquira incfa In Uu 

Holier b*liw 


1 

1 


fidi^. 


.»lh,. 


S.SI1.,. 


HPlb,.|fl6lb=. 


70 lb.. 


EuKme with wbeel 5 Ft. 

Stroke of the piston 16 in. or 1.33 ft. 

Weight 8 tona. 

or presumed rrictitm. . 120 Ihe. 


175 
200 

950 


9 

10 
11 
12 
12 
13 




io!o 

Ills 

la.i 

12.7 


IS 


2 


7.7 

e.5 

io!s 
n'.7 


Id. 

B.i 

0.6 
10.3 

10.7 


Engine nith wheel o ft. 

Stroke of the piston 1() in. or 1 . 33 ft 

Weight 12 tons. 

or presumed Iriction . . 180 Iba. 


ioo 

2Jfi 
326 


12 

12 
13 

14 
15 
IS 




II.S 

12.3 
12.9 
13.5 
U.0 
U.6 
t5.1 


1^ 


: 


10.7 

HA 

12.0 


10.3 
10.9 
11.4 
11.9 
12.4 
18.9 
13.4 


Engine with wheel 5 ft. 

Stroke of the piston leiu. or 1 .oO ft 

Weight 11 tong. 

or preauiued friction . . IHii lbs. 


200 

325 
350 


1.; 




is's 

13.7 


13 


\ 


10.0 

11.6 
12.1 
12.6 
13,0 


S.7 
iiis 

U.7 
13.1 

is.e 




§ 2, A Practical Table of the length of Stroke oj 
the Piston, and Diameter of Wheel, necessary 
to enable an Engine to draw a fixed Maximum 
Load at a given Pressure. 

In solving the formula § 7, in a series of cases 
adapted to the engines the most in use, the follow- 
ing table is formed, which will show, at first sight, 
either the length of stroke of the piston, or the dia- 
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meter of the wheel which an engine ought to have, ^M 


- for it to draw a maximum load at a given pressure ; ^^| 


or, again, the maximum loads corresponding to ^^H 


given dimensions for the length of stroke of the ^^M 


piston and diameter of the wheel. ^^M 


WHEEL, COHBESrONIllNG TO GIVEN MAXniUM LOADB. ^^H 






M«. 


Length DrSCmkE.ininchM. th<^ 


H 








diunetcr uf Ihe whwl bcinB 






D»crlpliaa of the EnglnC' 


inns. 




1 


Iniilun, 


3 ft. 


4ft. 


_^... 










^ 






EE^ne with cylindersU m.or0.917 ft. 


150 


8.7 






17.'5 
























or presluied friction '. '. 120 Iba. ' 


200 


n!4 


15 


2 


19 


J 


22.S 


^^H 






225 




17 




SI 


■i 


25.5 






inch in the boiler . . . 60 lbs. 


250 


14.1 




8 


23 


* 


28.S 


1 


Engine with cjlmdEfa 12 in. or 1 ft. 


200 


9,B 


13 


V 


16 


3 


19.5 




Weight lOiona. 




















or presumed friction . . 150 Ihs. 




















Effectivo preaanre per Bq. 


275 




17 














inch in the hoiler .... 50 lbs. 


300 


14.3 




" 


23 


8 


2B.5 


■ 


Engine with cylindera 1 3 ia.or 1 . 083 ft. 


200 


e.4 


"17 


T 


T* 




16.8 




Weight 11 tons. 


225 


















ot prcBumed friction . . 165 lbs. 


250 


lo!3 




7 


17 


a 


so! 6 


^^H 




Effective pressure per sq. 


275 


















mch in the boUer 50 lbs. 


300 
325 
350 


B 


17 
IB 


B 


i 


I 


2s!3 


1 


Engine with evlinders 14 in.or 1 . 1 tiO ft 
Weight 12 tana. 


250 


8.9 


J, 


■^ 


"u 


9 


17.9 




275 








If 


3 


19.5 






or preaomed friction . . ISO Iba. 


300 


lole 


14 


1 




7 


21.2 






Effective preaaure per sq. 


325 


11.4 


15 


2 


19 




32.8 






inch in the boiler 50 Iba. 


350 
375 


ia.3 

13.1 


lb 
17 


3 


20 
31 


I 


24.5 

26.2 


■ 






400 


13.9 


18 


5 


S3 


2 


27.8 




1 i 



CHAPTER. V. 



§ 3. A Practical Table of the Area of Heating 
Surface capable of producing a given Velocity 
untk given Loads. 

In order to facilitate practical researches, we shall 
extend, to a certain niunber of the most ordinary 
cases, the calculation of the heating sur&ce capable 
of producing predetermined eflFects. 

The table which we arc thus going to form after 
the formula in § 3, may sen-c, not only to determine 
the heating surface capable of producing desired 
eiFects, but also the velocity of given loads, when the 
heating surface is already determined. 

The table supposes the engine working at 50 lbs. 
effective pressure, per square inch, in the boiler. 
As, however, the pressure has no perceptible influ- 
ence on the velocity, as will be seen hereafter, if the 
engine works at a higher pressure, it mil be able to 
attain a more considerable maximum load ; but for 
all the loads of the table, it will, nevertheless, re- 
quire the same heating surface in order to produce 
the same velocity. In consequence, the table may 
serve for any pressure, either above or below 50 lbs. 
The only difference will be in the maximum loads, 
which, agreeably to the pressure, will be greater or 
smaller than those fixed in the table. 

By recurring to § 10 of the preceding Article, it 
will be seen in what manner the area of heating- 
surface is to be computed. 
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ATM of 








B^i^™ 






Dacription of tho Engin 








































mllM. 


"""■ 


mil«. 
























or 1.33 ft. 


as 


38 
46 


54 

flrt 


71 


in 




Stroke of the piston 1 e in. 
Cylinders 11 mehei, or... 
Weight 


0.917ft. 




55 


N3 


110 






a tons 




66 


97 


lao 






or presumed friclion .. 


120 lbs. 






112 


149 






















bch in the boiler 


SO lbs. 


165 


90 


ia6 


J&u 


2:di> 








60 






101 


126 


161 


Stroke of the pistoniein. 
Cylinders 12 inches, or.. 
Weight 


or 1.33 ft. 


;.■> 












1ft. 


100 










210 




125 








ISttl 


339 




160 lbs. 


150 


90 




17fl 


22.1 


368 






175 




I4!l 




24U 


297 


inch in the boiler 




196 


107 


Ibl 








Engine with wheel 


6 ft. 




56 


83 


111 


1.1« 


166 




or 1.33 ft. 










16.1 


195 


CyKnden 13 inches, or.. 


1. 083(1. 




75 


112 




lfl7 


224 


Weight 






sa 


127 






253 




Itifilbs. 




94 


141 








Effective preasurp per aq 






104 


156 


208 






inch in the boiler 






114 


171 


1!27 










231 


124 
120 


IH5 

1B9 


■M-i 








5ft, 








12! 


151 


181 


Stroke of the pialoniein 
Cylinders Ulnches, or.. 
Weight 


orl.33f^ 


75 


70 


lOfi 




176 




i.iesft 


100 


80 


1211 




200 




12 torn 


125 


30 


1,15 








OT presumed friction . . 


ISO lbs. 


15(1 


100 


149 








Effective preaore par sq 




175 








373 






50 lbs. 


aot 


119 














226 






5167 














SOS 


877 










Sfi-y 


146 


219 


291 






Engine with wheel .. ...... 


6 ft. 


50 


62 


n? 


173 


Iha 


184 


StrakB of the piston I8in 
Cjlindera 12 inches, or.. 








107 






ai3 




IW 














1 1 tons, 








INI 


■/■/fi 




or presumed friotion .. 


ItJSlbs. 








POI 


fl.'il 


301 










165 


■/■m 


■?75 




inch in the boiler 


60 lbs. 


221 


ia» 


ISO 
192 


239 
256 


29!t 
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§ 4-. ^ Practical Table of the Velocity of Engines 
with given Loads, and, vice versa, of the Load 
corresponding to a given Velocity. 

We have just given some examples of cases, in 
which it 18 wished to build an en^ne for a particu- 
lar end. The contrary case naturally presents itself 
afterwards. The question is, what effect may be 
expected from a given engine, that is to say, from 
an engine ah-eady .constructed, and the dimensions 
of which can be measured. 

In order to give here a practical and extensive 
application of the formulae which resolve this ques- 
tion, we shall calculate, after the formula, § 1, atable 
of the velocity which engines, similar to those of 
Liverpool, viz. with 11 and 12 in. cylinders, will 
acquire with given loads. By that means, the ex- 
periments, which wo are going to make on the 
Liverpool engines, will serve to verify, by facts, the 
accuracy of the formulEB, which we have deduced 
from principle. 

As wo think that this tabic, like the preceding 
ones, may be useful to practical men, in showing 
them the results, without obliging them to make 
the calculation, wo shall extend it further to engines 
of different powers, such as are most in use on 
railways. 

It will be remarked, that this table, giving the 
velocity corresponding to known loads, naturally 
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furnishes also the loads of the engine, when, on the 
contrary, the velocity is given a prioru In like 
maimer, as we have necessarily been obliged to con- 
fine ourselves, in each column, to the limit of load 
which the engine is capable of drawing at the pres- 
sure indicated, after the formula in § 4 j so it follows 
that the same table gives equally the maximum 
loads for each pressure, as well as their corre- 
sponding velocity. 

In the last column, the state of the regulator is 
indicated as follows : when it is entirely open, we 
write 1 ; when only half open, ^ ; etc. This re- 
lates to the following tables, as well as to this one : 
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Ensioe with Cflmderi 11 in., or 0.9 
Stn>keortliet)iattiniem.,or 1.33ft. 

lATieel 6 ft. 

Friotion 110 Ibi. 

Area of beUlog nu&ce 140 aq. ft. 

Or sffective evap(irB.ting power 
per hour 4S c 



,33ft. 



Engine nitb cylinders 12: 
Stnikoaftlia piaton 16 

Wheel 5 ft. 

FridiDn IBalba. 

Area of heating Burface 140aq.f 

Orefiectif e evaporating power 
perbonr 42cu.j 



Bn^e with cylinders 13 in 
Stroke of the pinon I6in.. 

Friction 165 lbs. 

Area of heating Buiface 1 

Or eSedive evaporating power 
per hour 



ft. 



le with cylinders I4in.,or 1.166ft. 
Stroke of the piston 16 in., or 1.33 ft. 

Friction ISOlba. 

Area of heating lurface ISOsq. ft. 

Or effective evaporating power 
per honr S4ci 



EiVgine mth cylinders 12 in.,or I ft. 
Stroke of the piston I S in. , or 1.50 ft. 

FHction 165Ih8. 

Area of heating surface 1609q. ft. 

Or effect! ve evnporatingpower 
per hour 49c 



Se.06 

' £2.13 

19.21 



14.33 

1S.S8 
13.06 
13.30 
10.91 I 
S9.4!i ~ 
: 25.00 
: 31.74 
19.S3 



32.56 ; 

30.11 ; 

18.14 . 



I 
4 



I5.3S ' 
14.1! 

13.13 : 
12.46 : 
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We remark here, as we have said above, that the 
whole influence of the pressure bears upon the limit 
of the load, but that its effect is almost insensible 
on the velocity. This result agrees with the prin- 
ciples ; for if the pressure required on the piston to 
move the load, be, for instance, 46 lbs. per square 
inch, is it not true that, provided the steam be abun- 
dantly furnished at that pressure, by the heating 
surface, it is of little consequence whether it be at 
first collected in the boiler at a pressure of 75lbs. 
or 65 lbs. or at any other degree ? Finally, at the 
moment of acting, it must any how be transformed 
into steam at 46 lbs. pressure, and the speed will 
depend solely on the quantity of steam at 461bs. 
that the boiler will have furnished. The small ad- 
vantage we observe here in favour of a greater 
pressure is only owing to the fire being in that case 
naturally more intense ; a, circumstance from which 
results, not that there is more water evaporated, 
but the same quantity, notwithstanding a higher 
pressure. 

These tables show the effect that may be expected 
from an engine of given proportions, in regard 
either to the speed or to the load ; but it is under- 
stood that that effect can only be produced if the 
engine is put in a situation to apply all its power. 

If, for instance, instead of the fire being suffi- 
ciently animated, it is left to languish, the quantity 
of water evaporated per minute will be diminished, 
and at the same time the effect of the engine. 
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If the en^ne, instead of being in good order, 
loses its steam, either by leaks in the boiler, or 
round the piston, or by the stufiing boxes, or else- 
where, it is clear that the effect must also bo pro- 
portionately diminished. 

If, by diminishing the opening of the regulator, 
we let only a portion of the generated steam pene- 
trate into the cylinders, the boiler continuing at first 
to furnish the same quantity, more steam will ne- 
cessarily be lost by the valves without acting on the 
pistons. Afterwards, as soon as the diminution of 
the steam thrown into the chimney has moderated 
the fire, there will be less steam generated, and that 
will consequently regulate the velocity. This is the 
case of all small loads drawn by the engines. The 
speed is never suffered to augment suiEciently to 
risk an accident by too rapid a motion of the piston 
or other parts of the mechanism, ^Vhen the engine- 
men perceive that the train would run too fast, they 
diminish the aperture of the regulator, and make a 
moderate fire, in order to maintain a reasonable 
speed. In all the experiments we shall have occa- 
sion to relate below, we shall only once see, as we 
have already observed, the speed rise to 35 miles 
an hour, which is the greatest speed to which the 
engines have been hitherto submitted, excepting 
for a very short instant. 

In the above tables, the limits of load of the en- 
gines, with the indicated pressure, are fixed by the 
necessity of the resistance on the piston not being 
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greater than the force that must move it, as we have 
already said. With that maximum load, we see 
that an eleven-inch cylinder engine, working at 
60 lbs. effective pressure, will still maintain a velo- 
city of 13^ miles; and a twelve-inch cylinder engine, 
with an effective pressure of 55 lbs., will still main- 
tain a speed of 12 miles an hour. These velocities 
are those which will take place if the engine works 
in its right state ; that is to say, if the valve is fixed 
for a pressure of 60 lbs. or 55 lbs. But if it should 
happen that the valve be only regulated for a pres- 
sure of 50 lbs., and the pressure of 60 lbs. or 55 lbs. 
be produced by an extraordinary rising of the 
valve and by dint of losing steam, that is to say, 
only because the steam above 50 lbs. cannot escape 
as quickly as it is generated, then it is clear that al- 
though the evaporating power of the boiler remains 
the same, the effective part of that power will be 
considerably reduced, and, consequently, also the 
velocity. It is for that reason that, in the experi- 
ments, we shall see the speed go sometimes down to 
two or three miles an hour. But the state of the valve 
must then be observed. The elevated pressure will 
be seen to be produced only by an enormous loss of 
steam, and it wiU be easy, by the rising of the 
valve, to account for the diminution of speed. 

In the cases of inaximum load, it is evident that 
the steam will be spent by the cylinder, at the same 
pressure at which it has been generated in tlie 
boiler, and that the speed of the piston will be 
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equal to the quickness with which the steam is ge- 
nerated. This fact has been proved in a general 
manner in § 5 of the present article. It may be 
verified here by calculating the velocity with which 
the quantity of steam, generated in a minute, would 
cross the cylinders without any alteration or reduc 
tion of pressure. The velocity of the engine result- 
ing from it, will be found to coincide exactly with 
that indicated in the table. This is a proof that, 
in case the engine only advances at that speed, 
the pressure in the cylinder is equal to that in the 
boiler. 

Those cases of limit Loads are those of which we 
have made use to determine the friction of the loaded 
engine, and we see here the principle justified, of 
which we then made use, viz. that in case the speed 
of these engines is under 12 miles an hour, the pres- 
sure in the cylinder is the same as in the boiler. 

We have one observation more to make, which is, 
that in the engines there always exists a small loss, 
which we have not taken into account in our calcu- 
lation ; that is to say, the loss of the steam which, 
at each stroke of the piston, fills the passages that 
lead from the slides to the cylinders. It would he 
easy to take it into account, by the measures taken 
on each engine, of the diameter and length of these 
passages ; but this loss is very insignificant, and 
would only complicate the calculation without any 
advantage. 
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ARTICLE VII. 



CONFIRMATION OF THE ABOVE FORMULA BY 
EXPERIMENTS. 

§ 1. E:rperiments on the Velocity and Load of 
the Engines. 

As a verification of the formulse we bave laid 
down, and with a view to enable our readers to rest 
their calculations on material facts, we shall give 
here a series of experiments undertaken by us, in 
order to ascertain the speed with which the engines 
draw different loads, at different degrees of pressure 
of the steam, in their daily and regular work, 

These experiments were made on the Liverpool 
and Manchester Railway, the section of which, ac- 
cording to a IcveUing made in the month of August 
1833, by Mr. Dixon, resident engineer, is as 
follows. We only give the part travelled over by 
the locomotive engines ; there are, besides, under 
the city of Liverpool, three tunnels worked by sepa- 
rate stationary steam engines. 

The railway, on leaving the station at Liverpool, 
until it terminates at Manchester, passes over the 
following distances and slopes : 

Miles. 

0.53 dead level. 

5.23 descent at xiiVi 

1.47 ascent at ^^ 



a22 CHAPTER V. 

1^7 dead level. 

139 descent at gig 

2A1 descent at j^gj 

6.60 descent at g^ 

5.62 ascent at y^ 

4.S6 a«;ent at 53^7 

29Aii miles. 

From these different inclinations, we see that the 
same train presents various degrees of resistance, 
according to the part of the road travelled over, he- 
cause the gravity of the total mass in motion becomes 
an alleviation in the descents, and an additional ob- 
stacle in the rising ground. 

The result is, that a train of 100 1. offers on a 
dead level a resistance of 800 lbs., besides the fric- 
tion of the engine ; and that the same train, if it is, > 
for instance, drawn by an engine weighing 10 1., will, 
on arriving at an ascent of -^^, offer a resistance of 1 
3,366 lbs., which upon a dead level would be equal ' 
to the resistance of a train of 491 1. 

In fact, if we observe that a ton weighs 2,240 lbs., 
we shall find for the resistance : 
100 X 8 ibs. = 800 lbs. ; resbtance owing to the friotion. 

100 i< 2 240 lbs 

= 2,333 lbs. reaistancc owing to tlie gravity of 

the train, on a plane inclined' 

atg-E. 

1 X 2i2'tO Iba. 
= 233 Uis. similar resistance owing to the 

gravity of the engine. 

3,366 Ibs. total resistance, ( not including 
the friction of the engine,) 
equal to that of a load of 
^^^ = 421 1. on a level. 
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That is the manner in which we have calculated 
the real load of the engine on the different slopes it 
had to pass over during its journey. 

The following column marks the pressure in the 
boiler, expressed first by the state of the balance, 
and then by its equivalent on the mercurial gauge. 
Thus, when the balance, fixed at 5J, rose by the 
blowing to 58, we have written 57 — 58 ; and as for 
the Atlas, for instance, that state of the balance 
corresponds with an effective pressure by the mercu- 
rial gauge of 61 lbs., we have written 57 — 58=61 lbs. 

We have also noted the state of the regulator ; 
but we must add, that the handle of the regulator in 
these engines not turning on a graduated circle, as 
it would be better that it should, we have only been 
able to estimate the degree of opening of the regu- 
lator at sight and by approximation. 

The speeds have been carefully taken down, by 
inscribing in minutes and quarters of minute the 
time when the engine passed before every quarter- 
mile stone of the road. These stones are numbered 
all along the way. At the same moment we noted 
the pressure in the boiler as marked on the valve 
balance. 

The weight of the waggons was taken exacily in 
tons, cwts., quarters, and pounds. The tender cart- 
wrights were not weighed, but they are reckoned at 
their average weight of 5^ t. when a fresh supply 
of water is taken in on the road, and 5 1. only in the 
contrary case. 
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1834. 
Aug. 4., Atlas, from Manchest to Liverp., 
with 9 loaded waggons and 

7 empty 38.76t 

tender... 5.50 

44.26 1 

July 24, FuHY, from Liverp. to Manchest., 
in 1 h. 30'...ivith lOwaggon-s... 51.16t 
delay ... tender... 5. 

Ih. 30- 5G.16t. 

stroke 16in. 

wheel 5ft. 

Fury i weight ... 8.20t. 
friction ... lOgiba. 
healing (firebox 32.87 sq.ft. 
I surface (tubes 307.38aq.ft. 
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The engine ascended the 
nclined plane without help. 
-Weather fair, a sidewind 
blowing tolerably hard at in- 
tervals — Water cold in (he 
ender. 

The ensino went up the 

nclined plana without help. 
-Weather fair and calm. 

The engine only travelled 
hat part of the road with this 
train. Its fire was in its 
greatest activity only towards 
the end of the jonmey. It 
had. besides, the impuh-e pro- 
ceeding from the descent of 

the plane at ^ Weather 

fair— Rails muddy. 
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These experiments show better than any possible 
reasonings, what may be expected of locomotive en- 
gines in a daily work. That is the reason why we 
have joined them all together in this place. 

Their coincidence with the table of velocities, 
deduced from calculation, will be remarked. 



§ 2 Of the Velocity of the M(Lvimum useful Effect. 

We have seen above (Chap. V. Art. V. § 2) that 
the load an engine is able to draw, at a given speed, 
is expressed by 

M= - 

(i + «)VD a + « 

If we multiply the two members of this equation 

by V, we have 



pd^lY 



MVi 



(a + «)D 



S + n 



The produce M V, of the load multiplied by the 
velocity with which that load is drawn, represents 
the useful effect produced by the engine in the 
unit of time. We see consequently, here, that that 
useful effect will be so much the greater as the 
speed is less ; for in the second member that speed 
only appears in the negative terms. As, on the 
other hand, the engine cannot, without considerable 
loss of steam, move at a velocity less than that 
which corresponds to the quickness with which the 
steam is generated in the boiler, it follows that the 
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maximum of useful eifect will take place at that 
speed. 

By examining the above table, under the same 
point of view, we ascertain by experience what has 
already been proved by calculation, viz., that the 
greatest useful effect is produced at the least ve- 
locity. 

Let us take, for instance, an engine with an 
eleven-inch cylinder, working 10 hours a-day. At 
its greatest speed, of 30 miles an hour, it will be 
able, with an effective pressure of 50 lbs. per square 
inch in the boiler, to draw 50 1. ; and at its least 
speed, with an equal pressure in the boiler, it will 
draw I60t. 

By drawing trains of 50 1. at a velocity of 30 
miles an hour, it will, in its 10 hours' work, have 
drawn 50 1. to a distance of 300 miles, or, in other 
words, 

15,000 t. to the distance of one mile. 

By drawing trains of 160 t. at a speed of 15.5 
miles an hour, it will, in the same space of time, 
have taken 160 t. to a distance of 155 miles, which 
is equal to 

24,800 1. to the distance of one mile. 

There is, consequently, a considerable advantage 
to be reaped, in making the engines, if possible, 
work with the greatest loa^, which correspond with 
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the least speeds. It must be remarked, that the dif- 
ference between the two effects would have been still 
greater, if from each load we had deducted the ten- 
der, as making, in regard to the useful effect, a part 
of the engine, and not of the train. 

It is scarcely necessary to add, tliat when the 
speed becomes the express condition of the haulage, 
as, for instance, in respect to passengers, these con- 
siderations are no longer applicable. We speak 
here only theoretically. 

The difference we have found in the useful effect 
produced, is owing to the circumstance that in the 
two cases the resistance proper to the engine re- 
mained nearly the same, while in the first case it 
had to be moved 300 miles, and in the second only 
155 miles. The same ie true in regard to the 
atmospheric pressure, which forma a part of the re- 
sistance on the piston. The engine having travelled 
in one circumstance double the distance of the other, 
was naturally obliged to give a double number 
of strokes of the piston ; and as at each of these 
strokes of the piston the atmospheric pressure must 
be overcome, we see that the expense of moving 
power necessary to conquer the resistance of the 
atmosphere is in the proportion of the numbers 300 
and 155 ; that is to say, that that force, as well as 
the force required to move the engine, is in propor- 
tion to the velocity of the motion. This is a fur- 
ther proof that, in calculating the effect of these 
engines, one cannot, as is usually the case, n^lect, 
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in all circumstances, the atmospheric pressure ; and 
that it is only in those cases in which the speed is 
not taken into account that that simplification can 
take place without mistake. 

If we sometimes find calculations of the power 
of locomotive engines, or any other sort of steam- 
en^nes, in which there appears what is termed lost 
power; that is to say, calculations according to which 
it would appear that these engines produce in practice 
only one-third or even a quarter of what is termed 
their theoretical power ; and if that difference he- 
tween practice and theory be at present so generally 
established, that it is taken as a rule to aay that 
practical horses arc only the third part of theoreti- 
cal horses, the reason is, simply, that this supjrosed 
theoretical power is wrongly calculated. All the 
different circumstances of which we have spoken 
above have not been duly taken into account. 
Before all calculations, the atmospheric pressure 
has been deducted ; the resistance of the engine, 
or its increase in proportion to the load, has been 
omitted ; and, above aU, the pressure on the piston 
has been calculated as equal to the pressure in the 
boiler, though wc have seen how diff'erent they are 
from each other. With so many causes of error, 
it is not surprising that results should have been 
obtained, which are contradicted by experience ; 
or, in other words, that one should construct 
very good engines without being able to calculate 
their power or effects. But if we take into account 
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all the resistances really conquered, and the velo- 
city of their points of application ; if we take 
the pressure in the cylinder as it really is, instead 
of considering a power as applied when it is not ; 
in that case we shall obtain a most remarkable re- 
sult, applicable, moreover, to all sorts of steam- 
engines, viz. that all the power applied is to be 
traced in the effect produced, and that there is not 
one single pound of which the use may not be 
pointed out. 



CHAPTER VI. 



OF SOME ACCESSORY DISPOSITIONS AND THEIR 

EFFECT. 



ARTICLE I. 



OF THE REGULATOR. 



§ 1. Efect of the opening of the Regulator. 

Three accessory parts or dispositions are still to 
be considered, which have a considerable influence 
on the effect of locomotive engines ; these are the 
regulator, the blast-pipe, and the lead of the slide, 
which we are going to describe successively. 

We have observed that the pipe, which leads from 
the boiler to the cylinders, may be either completely 
or partially shut by means of a cock or regulator. 
When the regulator is quite open, the steam enters 
into the cylinder as freely as the area of the pipe 
through which it must necessarily pass. Then the 
speed is as great as the generation of steam per- 
mits. If, by means of the regulator, we diminish 
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a little the entrance of the pipe, the steam may 
take at first a greater velocity, which surplus of 
velocity may allow, as before, the egress of all the 
steam generated. In that case the effect will re- 
main the same as in the former one, and as long as 
the width of the passage is not out of proportion 
with the generation of the steam, there will be no 
diminution in the effect of the engine. 

If, however, we continue to shut the passage, we 
shall necessarily arrive at last at a point where it 
wiU be so narrow, that it will form a considerable 
obstacle to the admission of the steam. From that 
moment, only a portion of the steam generated in 
the boiler will be able to get into the cylinders, 
and consequently the effect produced will be dimi- 
nished in the same proportion. 

Having called effective evaporating power the 
mass of steam the engine is able to introduce into 
the cyUnders in an unit of time, we clearly see that 
the motion imparted to the regulator causes a dimi- 
nution in the effective evaporating power of the 
engine ; and then the formula, such as we have 
given it above, shows why the effect is diminished. 

In fact, we find in practice that the same train 
will be drawn by the same engine at different 
speeds, according to the size of the aperture of the 
regulator. This is the method invariably used on 
the Liverpool Railway to prevent the trains, when 
thev are too light, from being carried along with 
greater rapidity than the preservation of the en- 



^4a 



CHAPTER VI, 



gines, the carriages, and the railway can allow. 
This maimer of regulating the speed is so fer ad- I 
vantageous, that, if on the road there occur either 
a slight incUnation or any obstacle whatever, one 
may, by opening the regulator, and animating at 
the same time the fire, restore to the engine its full 
power, and enable it to pass over the obstacle with- 
out diminishing its speed. 

The size of the aperture of the regulator is, 
therefore, to be taken into account, when the ques- 
tion is to ascertain the effect of an engine. That 
is the reason why we have noted it in the experi- 
ments related above. We should have preferred 
the handle of the regulator to have turned on a 
graduated circle, in order to be able to measure 
exactly the degree of opening, and compare it with 
the corresponding effects ; but, with the present 
construction of the engines, it is only bv approxi- 
mation that we can judge of the size of the aperture. 



§ 2. Of (he Steam Pipes. 

Carrying still further the same principle, on the 
free motion of the steam, we see that between two en- 
gines, perfectly similar in other respects, there must 
be an advantage in favour of that one in which the 
steam-pipes have a more considerable area. It is, 
however, clear, that as soon as we have attained a 
diameter sufficient for the passage of all the steam 
that a boiler is able to generate, at the greatest 
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speed with which the engine is required to {jo, 
nothing further is to be gained by augmenting still 
more that diameter. It is for the same reason 
that we have seen, a little while ago, that that pas- 
sage may be reduced to a certain degree without 
loss of effect, which is owing to the opening having 
been originally greater than was necessary. 

Experience lias fixed the diameter that must \k 
given to the steam-pipes, and would quickly give 
notice if it were not observed ; for if it should hap- 
pen, for instance, that an engine, running with all 
its speed, should still emit steam through its safetj- 
valve, that would be a proof that the area of the 
passage is too small for the quantity of steam the 
boiler is able to generate. 



§ 3. Table of the Dimensions of the Steam-Prpen 
in some of f/ie Engines of the Liverpool and 
Manchester Railway. 

There exists, then, a suitable diameter, harmo- 
nizing with the evaporating power of the engine, 
or with the dimensions of the boiler. It is for that 
reason we give here the diameter of the steam- 
pipes, in the engines we have submitted to experi- 
ment, and in some others, the proportions of which 
were given at the beginning of this work. The 
steam-pipes considered here are those which lead 
separately from the boiler to each slide-box. Those 
which lead afterwards from that box to the interior 
R ^ 
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ARTICLE n. 



OF THE BLAST-PIPE. 



1 describing the engine, we have said that the 
liteam, after liaving produced its effect in the cylin- 
der, is hjt into the chimney. It enters it in a jet, 
throujih a pipe turned upwards, and terminated by 
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a narrow orifice, which is placed in the middle of 
the chimney-fiue. The disposition of that pipe, 
called the blast-pipe, is represented in fig. 5. 

The steam, at each jet, cleai'ing before it the co- 
lumn of air that filled the passage of the chimney, 
leaves a vacuum behind it. This vacuum is imme- 
tliately filled up with a mass of exterior air that 
rushes through the fire-place to occupy the space 
where the vacuum has been made. In conse- 
quence, after each aspiration thus produced, the 
fuel in the fire-place grows white with the intensity 
of the heat. 

This effect is similar to that of a pair of bellows 
that would constantly animate the fire, and the arti- 
ficial blast created by that means in the fire-place 
is so necessary to the work of the engine, that if 
the pipe happens to be broken, burnt, or leaky, 
the engine becomes almost useless ; which shows that 
the ordinary draft of the chimney is very small in 
comparison. 

It is easy to conceive, that the narrower the ori- 
fice, the more violent will be the current that escapes 
through it, and the greater its effect in animating 
the fire. The result is, consequently, a greater 
generation of steam in the same space of time, or 
an increase of power in tlie engine. This is, there- 
fore, an important point to note when the effect 
produced by an engine is to be described ; for if the 
diameter of the blast-pipe is changed, the evapo- 
rating power of the boiler will be changed also. 



rlUrTElI TI. 



Id the esgines that served fttr ifae above esperi- 
raents, the diameter of the orifice of the Uast-pipe 
was ^2\ to 2^ in., which is their usual HimpHsion. 
The Leeds ragine must, however, be excepted from 
the general rule, the diameter of her blast-pipe b^ng 
l»ily 2^ in. As for the Atlas engine, her blast- 
pipe was £|^ in. in diameter in all the experiments, 
except on the 4-th of August, when it had been 
carried to 3j'- in., in order to obeenie what redoo- 
tioD would result from, that circumstance on the 
effect of the engine. Comparing that experiment 
with the others made with the same engine, the 
ditainution of speed seems to hare been nearly in 
the proportion of 15 to I7. The effect produced 
would thus be in the inverse proportion of the 
square of the diameter of the pipe, or of the area 
(tf the oriiice ; that is to say, in a direct ratio to the 
■velocity with which the steam escapes into the 
• ohinmey. 

To those dimensions, therefore, as to one of the 
elements of production, must be referred the evapo- 
ration effected by the engines. 

The generally adopted dimension of 2^ to 2^ in. 
diameter for the orifice of the blast-pipe ia the 
result of experience. It has been endeavoured to 
diminish the aperture as much as possible, with- 
out putting a material obstacle to the escaping 
of the steam ; that is to say, that the tube has 
been narrowed as long as the effect was seen to 
augment, and that a stop was put to the trial as 
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aoon as it was found that there was no more gain 
of power. 

With an orifice 2i in. in diameter, or 5 eq. in. 
area, and cylinders of 11 in. diameter, or 190 
sq. in. total area ; that is to say, with an orifice 
which is only -J^ of the area of the cylinders, we see, 
that in order that all the steam may get out by that 
passage, its speed in passing through the orifice 
must be 38 times as great as it was in the cylinder. 

The velocity of the jet formed in the chimney 
win then be, for the dimension we consider, equal 
to 38 times the velocity of the piston, or in other 
words, equal to 6^ times the speed of the engine, 
this latter speed being nearly six times as great as 
that of the piston. 

Thus the power of this additional ffieaDa wiU be 
greater in proportion as the velocity of the engine 
itself will be more considerable. If, for instance, 
the engine travels 30 miles an hour, the velocity of 
the jet will be 1 95 miles an hour, or 286 feet per 
second ; and as that velocity cannot be produced 
merely by the tendency of the steam to escape into 
the atmosphere, a part of the power of the engine 
itself must necessarily, in those great speeds, be 
spent in expulsing the steam ; that is to say, in 
blowing the fire in the fire-place. Consequently, 
the increase of effect being produced by a sacrifice 
of power, a point will naturally come where the 
profit is balanced by the expense required to obtain 
it, and there all advantage will cease. This ex- 
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plains tbe point determined by practice as the limit 
of the narrowing of the orifice. 



ARTICLE III. 



OF THK LEAD OF THE SLIDE. 



§ 1. Nature and Effects of the Lead. 



The third disposition which we have to discuss, 
is the lead of the sUde. 

In describing the different parts of the engine, 
we said that it is the slide that opens and shuts 
successively the passages above and below the pis- 
ton, BO as to apply the effort of the steam alter- 
nately on one side and on the other. If the engine 
were regulated, as it appears natural that it should 
be, the slide would keep the passage open to the 
steam until the piston had reached the bottom of 
the cylinder. At that instant the change would 
take place. The first passage would be shut, and 
the opposite passage opened. Then the motion 
of the slide would accompany exactly that of the 
piston. Their alternation would be strictly simul- 
taneous. 

But this is not the case ; it has been found by 
experience, that the engine is capable of acquiring 
a greater speed when the motion of the slide pre- 
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cedes a little that of the piston ; that is to say, 
when it opens the passages to the steam a little be- 
fore the necessary moment. When the engine is 
regulated in that manner, at the moment the piston 
is going to begin a new stroke, the passages, in- 
stead of beginning to open, have already a certain 
degree of aperture. This premature degree of 
aperture is called the lead of the slide, because it 
indicates in how far the motion of the slide pre- 
cedes that of the piston. In fact, we can conceive, 
that if the return of the slide is, for instance, a 
quarter of an inch in advance on that of the piston, 
the passages for the steam will have a quarter of 
an inch aperture when the piston touches the bot- 
tom of the cylinder. 

The effect of that disposition, first on the speed 
and then on the load, are tlie two points we intend 
to examine here. 

The common way of explaining the increase of 
speed the engine acquires when it has a little lead, 
is by saying, that by that means the steam is ready 
to act on the piston at the moment the piston be- 
gins its stroke. But it is not difficult to see, that 
if the steam really acts quicker at the beginning of 
the stroke, it is also sooner interrupted at the end 
of the stroke. The effect would thus only be, to 
add on one side what is substracted on the other. 
That explanation is, therefore, by no means satis- 
factorj'. 

But the manner in which the calculation of the 
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speed of the engines has been established here-above, ' 
gives us immediately the real explanation of the fact. 
If the change in the passages of the steam, 
instead of occurring exactly at the end of the ' 
atrokc of the piston, takes place, according to our 
supposition, at the moment the piston is still an 
inch from the bottom, from that instant no more 
steam enters the cylinder. lu fact, on one side the | 
passage is shut ; it is true that it is open on the ' 
other, but the piston, which must necessarily finish 
its stroke, keeps the steam pressed back in the pas- 
sages, from whence it cannot get out until the pis- 
ton begins to take its retrograde direction. Thus, 
in regard to the quantity of steam admitted in the 
cylinders at each stroke of the piston, the length of 
that stroke is in reality diminished by an inch. We 
have seen that, to know the velocity of the piston, 
we must divide the mass of steam generated in the 
boiler by the area of the cylinders (Chap. V. Art. 
V. § I ), and that the quotient will be the speed 
with which that volume of steam must necessarily 
pass through the cylinders, or the velocity of the 
piston. That will really give the velocity wanted, if 
the steam Issues without any interruption ; but if, 
as it is hero the case, there occurs at each stroke a 
suspension in the issuing of the steam, it is evident 
that, for the same quantity of steam to go through 
the cylinders, a greater velocity of motion will be 
required. It is the generation of steam in the 
boiler that regulates and limits the speed ; if, there- 
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fore, we suppose that the generation supplied m 
cylinders full of steam in a minute, when the total 
length / of the cylinder got filled with steam, now 
that the length / — £ ouly gets filled, the same 
quantity of steam will fill per minute a number of 

cylinders expressed by m x - — - Then the speed of 

the piston will be augmented in the inverse pro- 
portion of the length of cylinders that get full of 
steam. 

We see why the lead is favourable to the speed. 
But if there be profit in that respect, there is loss 
in regard to the load that the engine is able to 
draw. 

Suppose the line E D (fig. '25) represents the 
stroke of the piston, and that the stroke takes place 
in the direction of the arrow. The passage being 
shut on one side of the piston a little before it is 
opened on the other side, as we shall see below, let 
A be the point where the piston is, when the arrival 
of the steam is intercepted on the side E, and let C 
lie the point where it is when the slide begins to 
admit the steam on the opposite side, that is to say, 
on the side D. 

It is clear, that at the instant the piston reaches 
the point A, the moving power that produced the 
motion is suppressed. Moreover, when the piston, 
continuing its stroke by virtue of its acquired velo- 
city, reaches the point C, not only has it ceased re- 
ceiving any impulsion in the direction of the mo- 
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tion, but it suffers even an opposition from the 
steam admitted in a contrary direction. The piston, 
however, cannot stop. It must finish its stroke. 
It must, therefore, repulse that fresh steam that 
opposes it. As it necessarily spends in the conflict 
a force equal to that which the steam would have 
communicated to it, the consequence is, that during 
the space C D there is not only suspension of the 
action of the moving force, but even introduction 
of that moving force in a contrary direction, and in 
the same proportion destruction of the force pre- 
viously acquired. 

We see, therefore, that the effect of the moving 
power, in regard to the motion, is only produced on 
the length of the stroke, first diminished of A D, 
and then of C D ; so tliat, if those two distances 
are represented by S and a, the effect we are really 
entitled to expect from the engine is only in propor- 
tion of a stroke / — £ — a. 

Now we have seen (Chap. V. Art. V. § 4) that 
the limit of load an engine can draw, is determined 
by calculating the pressure on the piston as equal 
to the pressure in the boiler, or expressed by — 
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expression in whicli I represents the stroke of the 
piston. It is then elear, that the limit of load will 
be smaller in proportion as the stroke is dimi- 
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observed iu the engines. We mean the effect which 
results from the difference in the diameter of the cy- 
linder. Between two engines, the cylinders of which 
have 12 and U Inches diameter, all things being 
et^ual besides, the first will be able to draw a more 
considerable load ; but with equal loads inferior to 
those limits, the 11-inch engine will have the great- 
est speed. These results are shown by the above- 
stated formula, and can be explained in the same 
manner as the effects of the lead, 



§ 2. Cnlculation of the 



of the Lead. 



This is sufficient when we only wish to explain 
the causes of observed effects. But if we want to 
calculate a priori^ and know exactly the effects of a 
given lead, it is necessary to ascertain the precise 
measure of the distances a. and €. That is to say, 
that we must determine the situation of the piston 
corresponding with that of the slide, at the moment 
that it intercepts or opens the passages. 

To be able to determine the comparative situa- 
tions of the slide and the piston, four circumstances 
already explained in the description of the engine 
(§ 6, 7. 8), and which form the connexion of 
motion between those two parts of the mechanism, 
must be clearly kept in mind. (See fig. 9 and 10.) 

The slide moves backwards and forwards on the 
three apertures of the cylinder. It goes alternately 
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at all, that is to say, if the eccentric were to stand 
rigorously at right angles with the cran! 
middle position of the slide would correspond ex- 
actly with the end of the stroke of the piston. If 
it deviates a little from the perpendicular, that is to 
say, if the slide reaches its middle position a little 
before the piston gets to the bottom of the cylinder, 
the differen(*e will exactly be the lead we are con- 
sidering. • 

This being gr^ited, let us take the slide when it 
is in its middle position, and, consequently, when the 
eccentric is exactly in the vertical. At that mo- 
ment all is shut, as we see represented in fig. 10 
and 26. But the dimensions of the slide being such 
that on all the openings there exists a small lap, 
which is generally of -^ of an inch, we see that 
the passages were already shut an instant before 
this, viz., -^ of an inch before the slide had reached 
this position. Thus, the direction of its motion 
being marked by the arrow, when the slide was in 
the position a (fig. 26) all the passages began to be 
shut, and the steam was consequently intercepted. 
This is then the point at which the action of the 
lead begins, or which corresponds with the point A 
of the stroke of the piston in fig, 25. 

While the slide passes from the position a to 
the position b, and afterwards to the position c, 
everything remains in the same state ; but once 
arrived at the point c, the passage on the right side 
begins to open and to admit the steam on the oppo- 
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site side of the piston. This is then the point cor- 
responding with the one we have designated by C 
in tlie motion of the piston. 

After having passed that point c, the slide conti- 
nues to open more and more a passage to the steam. 
If the lead is ^ of an inch, for instance ; that is to say, 
if the slide opens the passage to an extent of ^ of 
an inch, at the instant the piston finishes its stroke, 
then, in measuring from the point c a distance of ^ 
of an inch, we shall find the point d where the slide 
will be the moment the piston is at the bottom of 
the cylinder. This point will consequently corre- 
spond with the one designated by D in fig. 25; that 
is to say, it will correspond with the end of the 
stroke of the piston. 

This correlativeness once established, we have 
to determine the unknown distances AD and CD, 
taken on the stroke of the piston, according to the 
distances ac cd, taken on the range of the slide. 
These last are in fact given, the second being the 
lead, and the first the same lead, augmented by 
twice the lap ab. 

Now, if we suppose the motion of the slide back- 
wards and forwards to be Sin., the eccentric must 
produce that motion, and consequently the interval 
between its centre and the centre of the axle must 
1^ in. The centre of the eccentric describes 
consequently round the axle a circle, the diameter 
of which is 3 in., while the crank of the axle 
describes a circle, the diameter of which is 1 (> in., 
which we suppose to be the length of the stroke. 
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If, therefore, we take the point ■ 
centre of the axis, and if round 
scaiibe a circle, the radius of which be 1^ in., that 
tnrcle will be the one described by the eccentric ; 
and its diameter will be the space run over by the 
slide. If round that point we describe another 
circle with a radius of 8 in., it will be the circle 
described by the crank ; and its diameter will be 
the stroke of the piston 

These points acknowledged, since the middle 
situation of the slide corresponds with the moment 
the eccentric is vertical, we see that that position of 
the slide is here the point b. As, besides, we have 
seen that in consequence of the slide lapping over 
the apertures, the steam is intercepted an instant 
before, if wc take before the point b a space equal 
to the lap, we shall have the point a where the 
effect of the lead begins. In the same way, if we 
take beyond the point h another space, also equal 
to the lap, we shall have the point c where the pas- 
sages open again. And, finally, at a distance from 
the point c equal to the lead, we shall have the 
point d, which corresponds with the end of the 
stroke of the piston, 

Raising from these points perpendicular lines 
towards the circumference described by the eccen- 
tric, the points a', b', d, d\ wiD be those described 
by the eccentric, while the slide takes the positions 
indicated by a, b, c, d. 

But while the eccentric describes the arc a'd', the 
crank of the axletree describee ' an equal 
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angle. As that crank must be horizontal or coin- 
cide with SD at the end of the stroke of the piston, 
if from the point p we trace arcs equal to rfV, d'l/ 
and ePa', or in other words, arcs, the sines of which 
be, dc, db and da ,- and if we draw radii through the 
points thus determined, we shall evidently have in 
A', B', C and D' the points where the crank was, 
while the eccentric passed through the points a', b', 
d and rf*. Letting perpendiculars fall from the 
points A', B', C, D', on 6D, we shall at last have 
in A, B, C, D, the corresponding situations which 
we sought for the piston. 

Thus we recapitulate ; while the slide passes from 
the point a, where it begins to intercept the steam, 
to the point c, where it opens the opposite passage, 
and to the point rf, end of the lead ; the eccentric 
will run through the points «', d^ d' ; the crank, on 
its circle, will run through the points A' C D' ; and, 
finally, the piston wiU be successively at the point 
A, where it ceases to receive the impulse of the 
steam, at the point C, where it meets it opposing 
its motion, and at the point D, where it finishes 
its stroke. 

Now, it will not be difficult to express by precise 
measures the spaces CD and AD, which we have 
represented above by a and €. 

For that purpose, it will be sufficient in practice 
to trace exactly, and by the scale, the fig. S7, and 
then to measure the resulting spaces CD, AD. 

To obtain those same quantities by calculation, 
we have s 2 
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And /will li^f knoH-ri Kv the equation : 

Sin Y zz — . 

'V\m*. <|imniitieH « juul *, of which we have made use 
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in the preceding paragraph, will, consequently, be 
determined by the stroke of the piston, the range of 
the slide, the lead, and the lap, all of which arc 
known quantities. Thus we will be enabled to cal- 
culate immediately the effect of the lead, either on 
the speed or on the load- 
Having seen that the speed of the engine will be 

increased in the proportion of- — ~. the consequence 
will be, for the augmentation of the speed a ratio of 



cos y 

In the same manner, the limit of the load of the 
engine will be reduced as if the length of stroke of 
the piston was no more than / — a — £, or 



/- 



— (cos y -j- cos /) ; 



And in these two values, the arcs y and y' will be 
friven by the above equations, viz. 



Sin y = - 



; and Sin i 



The use of trigonometrical signs might be avoided 
in these formulae ; but it would make them less con- 
venient for calculation. 

In order to apply them, let us take, for example, 
an engine with a Kiln, stroke, ranjxe of the slide 
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3 in., lap of the slide over the apertures J in., and! 
let us suppose a lead of ^ in. given to the engine. 

In that case, llL±ll = -^ = 0.58333. The arc, | 

the sine of which is ~ — . 18 consequently the I 

arc, the sine of which is 0.58333 ; or, taking the I 
logarithms, it is the arc, the logarithm sine of which I 
is 9.7tJ591. 

Seeking that arc in the tables, we find that the I 
logarithm of its cosine is 9.90967 j and finishing 
the calculation, we find 

g = 8in.— 8 in. X 0.81222= 1.50 in. 
In the same manner, 

« = 8 in. — 8 in. X 0.90906 =: 0.73 in. 

Thus, we see that, in this case, the piston is at a 
distance of 1^ in. from the bottom of the cylinder, 
at the moment the action of the moving power is 
taken away from it ; and it is at | in. when that 
same power is introduced against it. Fig. 27 con- 
structed by the scale gives the same results. 

From what has been said above, the speed will 

1 , , , . ^ I 16 

be augmented in the proportion of - — - or - — , 

all the loads that do not pass the limit of power of 
the engine thus regulated. 

And the limit of that load will be reduced, as if 
the stroke, from the length that it had, be reduced 
to the length, / — «-_€= 13.77 in- 
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We find also, by supposing for the engine a lead 
of ^ in., that the space that the piston has still to 
travel, when the steam is intercepted, is 0.25 in. ; 
and that the steam is introduced in a contrary 
direction, when the piston is still within 0.03 in. 
from the bottom of the cylinder. From thence results 
that, with the above lead, the speed is augmented 

in the proportion of — — , and that the maximum 

load is diminished, as if the length of the stroke 
was reduced to 15.72 in. 

Let us take, for an example, an engine like 
Vesta, viz. 

d, diMneter of the cylinder 11^ in., or O.927 ft. 

1, stroke of the piston 16 in., or 1.33 ft. 

D, diameter of the wheel. . .60 in., or 5 h. 

F, friction of the engine 187 lbs. 

The limit of the load being given by the formula 
(Chap. V. Art. V. § 4), 

(3 + n) D e+« 

We see that if the engine work at the effective 
pressure of 5Q.5 lbs. per square inch, as we shall 
have an example of it in a moment, the limit of load 
will be 

In case of no lead at all 1^7 t. 

In case of a lead of Jin 183 1. 

In case of a lead of ^in 158 t. 

In these same circumstances, according; to the 
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formula (Chap. V. Art. V. § 1), the velocity of 
the cnjjine will be as follows : — 

The load of 187 t. will be drawn at a velocity of 
13.SI miles an hour. 

The load of 183 t., which, if there had been no 
lead, would have had a speed of 14.03 miles, will 
havo an augmentation of speed in the proportion of 

, that is to sav, that the speed will be l-h.^5 

15.75 • ^ 

miles an hour. 

Finally, the speed of the load of 158 t., which, with 
no lead, would have been 15.541 miles, will, inconae- 
quence of the lead, become ly.l* miles per hour. 

We see by these results, that the effect of the 
lead, either in regard to the speed or to the maxi- 
mrnii load, are only very perceptible when the lead 
is rather considerable. 

§ 3. E.rperiments on the Effects ofihe Lead. 

The foregoing calculation gives us the loss of 
power produced in the engine in consequence of the 
lead. 

However, no research having as yet been made on 
the subject, everything is at present regulated by 
opinion alone. There are some engine builders that 
give no lead at all ; others only y^;, or ^ in. at 
most ; others, on the contrary, give ^in. or more. 
Although the lead, if moderately used, undoubtedly 
facilitates the working of the engine, it is also evi- 
dent, that if carried too far, it must at last stop its 
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effect. For that reason, we resolved to undertake 
some experiments on the subject. 

In our research, we first made use of the Leeds 
engine, and we made the three experiments of the 
15th of August, related above (Chap. V. Art. VII. 
§ 1 ) : the first, with a lead of ^ in. ; the second, 
with no lead ; and the third, with a lead of ^in. 
But as the change in the load, in the pressure, and in 
the inclination of the road, caused naturally much 
complication in the results, we soon gave up that . 
engine, and took in its place the Vesta. An inge- 
nious apparatus, invented by Mr. J. Gray, of Liver- 
pool, and fixed to this engine, made it easy to 
change the lead without interrupting the journey ; 
so that, with the same load, and on the same spot, 
the engine could b6 tried successively with different 
leads. This effect was produced by means of three 
notches, placed more or less backwards on the 
eccentric, and on which the driver might be brought 
at will by means of the common catching lever. 
The first of these notches gave a lead of ^in., the 
yeeond of f in., and the last corresponded with a 
lead of fin. To make the difference more re- 
markable, we endeavoured to obtain a comparison 
between the first and the third of these positions of 
the slide. 

The reader will recollect that the Vesta engine 
has the following proportions ; — 

Cjlimlurs 1 1 1| in. 

Stroke uf the pLitun 16 iii. 

Wheel 5 It. 
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I. On the l6th of August, 1834, in the morn- 
ing, arriving with the engine and a train of 20 wag- 
gons at the foot of the inclined plane of Whiston, 
the inclination of which is ^^rr. all the train was taken 
off except the seven first waggons, weighing toge- 
ther 34.43 1., and with the tender, 39-93 1.; and 
the engine endeavoured to ascend the plane with 
that load. 

The lead was first regulated at ^ in. Arrived at 
the foot of the plane with an acquired velocitj' of 
10 miles an hour, the engine continued its motion 
for some time, but slackened visibly ; and, after 
having travelled | mile, it stopped ; the pressure 
being at 23^ lbs. by the balance. 

The lead was reduced to ^ in. The engine set 
off again, and reached the top of the plane with a 
velocity of 14 complete strokes of the piston per 
minute, the pressure by the balance being reduced 
toSS^lbs. 

II. In the evening of the same day, the engine 
having taken to the same place a train of eight 
loaded waggons, and 12 empty ones, the eight wag- 
gons alone were left attached, their aggregate 
weight being 97-05 t., and with the tender, 32.05 t. 
With that load it began the ascent of the plane with 
an acquired speed of 10 miles an hour. 

Lead, ^ in. The engine arrived at the top with- 
out stopping. Pressure at the balance, 23 lbs. 
Velocity, 46 complete strokes of the piston per 
minute. 

III. The engine having returned to the bottom 
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ndth the same eight waggons, six empty ones were 
attached behind them, making with the loaded wag- 
gons a total weight of 43.18 1., and tender in- 
eluded, 48.18 t. 

This load was too much for the engine, even with 
its smallest lead. Pressure, 23 lbs. Two of the 
empty waggons were taken off. 

IV. The engine then drew a train of eight 
loaded waggons and four enapty ones, making toge- 
ther a weight of 34.05 1., and tender included, 
39.05 t. 

A lead of §in, was given ; the engine was unable 
to start on the plane. 

The lead was reduced to ^ in. ; the engine started, 
and augmented gradually its velocity, giving suc- 
cessively 1 1 strokes of the piston per minute ; then 
11 again, then \%, and then I7. 

The lead was once more tried at ^ in. ; the engine 
stopped again. 

The lead of ^ in. was resumed ; the train started 
again. Pressure during the whole experiment, 
23 lbs. by the balance. 

V. The train continuing to ascend, two more 
empty waggons were taken off; there remained 
then, in all, eight loaded and two empty ones, weigh- 
ing together 30.38 1., and with the tender, 35.38 1. 

Lead, | in. The engine stops ; pressure, 23 lbs. 
by the balance. 

Lead, ^ in. It starts again ; same pressure. 

VI. At last one more empty waggon is taken off, 






CHAPTER VI. 



and the weight of the train is reduced to 98.55 L, 
and tender included, to S3.55 t. 

Lead, | in. The eng^ne stops ; pressure, 23 lbs. 
by the balance. 

Lead, ^ in. It starts again, and reaches the top, 
although, in consequence of the length of the ex- 
periment, the pressure diminishes by degrees from 
23 to 214 lbs. by the balance. 

The engine executed thus, at 21^ lbs. pressure, 
what, with a lead of ^in., it could not execute with 
a pressure of 23 lbs. 

This series of experiments gives us very nearly 
the exact measure of the power of the engine in 
both cases, or the loss of power resulting from the 
, difference in the lead. 

§ 4. Table of' the ResitUs obtained i?t these 
Experiments. 

In order to place these experiments together be- 
fore the eyes of the reader, we unite them in the 
following table : — 

EXPERIMENTS ON THE 
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According to those experiments, all that an en- 
gine can do with a lead of §in., is to draw a load 
weighing, without the tender, 27.05 1. 

And with a lead of ^ in., it will be able to draw 
a load weighing, without the tender, 34.05 t. 

Thus, comparing the useful effects of the engine 
in the two cases, we see that they are in the pro- 
portion of -t to 5, which constitutes in practice a 
considerable advantage in favour of the smallest 
lead. 

In order, however, to obtain an absolute measure 
of the power an engine is able to display in the two 
circumstances, we must calculate the total resist- 
ance that was opposed to the motion of the piston 
in each case. 

In the first, the engine drew a load, tender in^ 
eluded, of 32,05 t. on an inclination of ^^. On 
account of the gravity of the mass on the piano, in- 
cluding 8.71 1. for the weight of the engine, the 
train was equal, on a level, to a load of I6O t. 

In the second case, the engine drew on the same 
inclination a train of 39.05 t., equal to a load of 
189 1. on a level. 

We sec that these numbers agree very nearly 
with those deduced from calculation. If those 
given by the experiment seem to be a little larger, 
the reason is, because we reckon the tender at an 
invariable weight of five tons, — whereas, during 
this long experiment, the consumption of water 
and coke must have made it descend considerably 
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below that weight, though we had no possibility 
of weighing the tender, and consequently we could 
not take the difference into account. We have said, 
that when the tender is quite empty, its weight is no 
more than three tons, which upon a level is two tons 
less than we reckon here, and makes on, the in- 
clined plane at g^g, a reduction of eight tons in the 
load. 

We may consequently conclude from experience, 
as well as from theory, that the decrease of power 
' occasioned hy the lead is in proportion to tlie result- 
ing decrease in the iisefut length of the stroke qftfte 
piston. 

%5. A Practical Table of the Effects of the Lead. 

In order to facilitate practical researches, we 
shall calculate here, according to the formuUe laid 
down above, § 2, a table of the effects of the lead, 
for different engines of the most usual proportions 
on railways. 

By these formula, the velocity of the motion with 
no lead at all being known, that which will result 
from a certain lead represented by a, will be to the 
first in the ratio of 



1 + cos 7 

I but, at the same time, the maximum load of the 
engine will be reduced as if the stroke of the piston 
were reduced to the length 
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— (cos y + COS y') ; 
The arcs y and y' being determined by the equations. 



Sin-i 



2a + 4r 



and Sin 5/ z 



The reader will recollect that in these formulas 
the signs have the following significations : 

/, length of the stroke of the piston expressed in 

feet. 
a, lead of the slide. 
/', length of the range of the slide. 
r, lap of the slide over the apertures of the cy- 
linder. 
These three last quantities may be indifFerently 
expressed in feet or in inches, the equations con- 
taining only their ratio. 

Applying, then, these formulaa to a series of 
different cases, we form the following table, which 
will show, at a glance, how the velocity increases 
when the lead is augmented. As, on the other hand, 
in the second column, we could not go beyond the 
load the engine is capable of drawing with its sup- 
posed lead, the same table also shows what diminu- 
tion in the maximum load corresponds to that in- 
crease in velocity. It is with a view to make the 
comparison between these two effects more conspi- 
cuous, that we have extended the table further than 
the importance of the subject seems otherwise to 
require. 



OF THE LEAD. ^3 

From these results wo see that too great a lead 
detracts a considerable portion from the power of 
the engine. It is therefore necessary not to exceed, 
in that respect, certain limits. 

It is, besides, easy to know the lead, or to regu- 
late it at any degree. 

After having opened the chamber situated under 
the chimney, and taken off the top of the slide-box, 
in order to see the slides work, the engine must be 
pushed gently forward on the rails, until the crank 
of the axle be perfectly horizontal. 

Then the piston is at the hottom of the cj-linder. 
If at that moment the passages which the slide 
opens to the steam be measured, it will give exactly 
the lead. 

If we wish to alter the lead, we keep the crank 
in the same position, and loosening the driver which 
is fastened to the axle only with a screw, we turn 
the eccentric, until the slide, which moves at the 
same time, opens the passage as much as is wanted. 
Then we replace the driver so as to fix the eccentric 
in that position. This operation concluded, it is 
clear that whenever the crank is horizontal, or the 
piston ready to begin its stroke, the sUde will open 
the passage to the degree required. 

There are some ways of altering the lead without 
opening each time the cliimney chamber ; but they 
are not quite exact, and some of them are injurious 
to the en^ne. 
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In the experiments we have related ahove on 
the velocity and load of the engines, the Vesta 
engine was the only one in which the lead was 
considerable enough to have a remarkable effect on 
the speed. 



CHAPTER VII. 

OF THE CURVES AND INCLINED PLANES- 



ARTICLE 1. 



OF THE CURVES. 

§ 1. Of the conical forvi of the Wheels and surplus 
of elevation of the Rails, calculated to annul the 
e^ffect of the Curves. 

We have considered the dispositions proper to 
the engine, that may either favour or impede its 
effect. Wo have still to examine two external 
circumstances that may have a similar influence on 
the motions. 

The curves offer on the railways an additional re- 
sistance, which is so much the greater according as 
the degree of their incurvation is more considerable. 

The waggons being of a square form, tend to 
continue their motion in a straight line. If, there- 
fore, they are obliged to follow a curve, the flange 
of the wheel does no longer pass in a tangent along 
the rail without touching it, as it does in a direct 
motion. The rail, on the contrary, presents itself 
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partially crosswise before the wheel, and opposes 
thus its progress, b}' forcing it to deviate constantly 
from its direction. 

Moreover, the wheel that follows the exterior 
rail of the curve has naturally more way to travel, 
than that which follows the interior rail. Now, in 
the waggons at present in use, the two wheels of 
the same pair are not independent of one another. 
They are fixed on the axletree that turns with 
them. If therefore the road travelled by one of 
the two wheels be less than that of the other, the 
latter one must necessarily be dragged along with- 
out turning on the difference of the two roads. 

Finally, on passing the curves, the waggons are 
thrown by the centrifugal force of the motion 
against the outward rail, the result of which is a 
lateral friction of the flange of the wheel against 
the rail, which does not exist in the direct motion. 

It is possible to construct the wheels of the wag- 
gons and the railway itself in such a manner, that 
these three additional causes of resistance may be 
destroyed. The mode we are going to describe, 
in order to obtain that effect, is that which is 
already known ; viz., the conicalness of the tire of 
the wheel, and a greater elevation of the outward 
rail at the place of the curve. But those means 
have until now been employed only by approxima- 
tion, and fulfil more or less imperfectly the intended 
purpose. By submitting them to calculation, we 
trust wc shall be able to deduce general rules, which 
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will make us certain that the required effect will be 
obtained. 

The particular resistance, owing to the passage 
of the curves, is composed of two distinct parts, as 
to their causes and their efl^ects. 

The first, according to what we have seen above, 
is occasioned by the waggons being obliged to turn 
along the curve, which produces an opposition of 
the rail to the motion, and a dragging of the wheel. 

The second is owing to the centrifugal force, and 
produces the friction of the flange of the wheel 
against the rail. 

The first of these two resistances will evidently be 
corrected, if we succeed in constructing the wheels 
of the waggon in such a manner that the waggon 
may follow of itself the curve of the railway. For 
that, it will be sufficient to make the wheel slightly 
conical, with its greatest diameter inside ; that is to 
say, towards the bodv of the waggon, as appears on 
the engine in fig. 2. 

By that disposition, when the centrifiigal force 
throws the waggon on the outside of the curve, the 
wheel on that same side will then rest on a tire of 
a larger diameter. Two effects will result from 
this. The waggon will no longer tend to follow 
a straight line. One of its wheels growing larger 
than the other, will, on the contrary, have a ten- 
dency to turn in the direction of the curve. Be- 
sides which, the two coupled wheels will naturally 
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travel different lengths of road without any drag- 
ging on the rail. 

This form of the wheel and its effect being well 
understood, we have first to determine what differ- 
ence of diameter must be created between the two 
wheels, in order that the waggon may turn of itself 
with the curve, and how much the waggon must 
deviate on one side in order to produce that differ- 
ence of diameter. Then we shall see how the rail- 
way must be constructed, in order that the centri- 
fugal force of the motion produce of itself that late- 
ral deviation. It will thus be clear, that, those 
different conditions being fulfilled, the first species 
of resistance of the curve will be destroyed hy the 
motion itself. Coming to the friction of the flange 
of the wheel against the rail, we shall determine 
what degree of conicalness the wheel must have, 
in order that, even in passing over the most 
abrupt carve of the railway, the lateral deviation of 
the waggon may never go so fer as to put the flange 
in contact with the side of the rail. In this way, 
both by the disposition of the rails and by the 
form of the wheels, the two species of resistance 
will he destroyed. 

Let us suppose that vim' and nn' (fig. Q8) be the 
two lines of rails of the way. In order that the 
waggon may follow without effort the curve of the 
way, it is neccssarj- that, while the outside wheel 
describes the arc mm', the inside 



4 
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side wheel describes ^H 
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of itself the arc nn', which terminates at the same 
radius as the first. If, therefore, the length mm' 
represent a circumference of the outside wheel, nn' 
must also be a circumference of the inside wheel, 
and the diameters of the two wheels must be in a 
certain proportion for that effect to be produced. 

Let D be the diameter of the first wheel, and D' 
that of the second, t being the ratio of the circum- 
ference to the diameter, we shall have — 
mm' = 5r D, and nn' = sr D'. 
Now the two arcs being both terminated by the 
same radius, we have — 



If we express the radius of curvation os by r, and 
the half breadth of the road by c, this proportion 
may be expressed thus : — 

mm' _r + e 



and, finally, 

D_D': 



D{'-:^)= 



This equation shows the differences that must exist 
between the diametera of the wheels, that the re- 
quired effect may be obtained. 

Our intention being to produce that effect, by 
pushing the waggon aside on the road, the question 
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is, how much the waggon must be laterally dis- 



This point depends evidently on the degree of 
conicalness of the wheel. 

At Liverpool, the wheels of the waggons have 
3 ft. diameter at the interior part or near the 
flange, and 2 ft. 11 in. at the exterior part. The 
wheel is originally cylindrical, but the conical form 
is produced by the addition of a second tire, the 
breadth of which, not including the flange, is ^ in, 
less on one side than on the other. Fig. 29, repre- 
sents the section of that tire on a scale of ^. Its 
breadth being 3^ in., we see that its conical inclina^ 
tion is ^ in. on 3^ in., or |. 

Let us suppose in general the inclination of the 

tire expressed by — . The two wheels running ori- 
ginally upon equal tires, in order that the difference 
D — D' be produced in their diameters, by the 
displacing of the tire on the rail, this lateral dis- 
placmg of the wheel must evidently be 

Jo(D_DOi 
for the inclination of the tire being — , this displac- 
ing will produce on the thickness of the tire, or on 
the radius of the wheel, a difference of 

i(D-D'). 

which will make on the diameter 

HD-D'). 




OF THE CURVES. 



asi 



This difference on the diameter will be produced 
in plus on the outside wheel, and as an equal 
difference, but in a contrary sense, that is to say, 
in minus, will be produced on the inside wheel ; 
the result will be a total difference of D — D' 
between the actual diameter of the two wheels, as 
we have said, 

Thus the lateral motion to be produced is 

ia(D-DO = 



2(r + e) 



We know at present wliat must be the lateral 
displacing of the waggon, in order to destroy the 
first species of resistance. The question now is, 
to make use of the centrifugal force to produce 
that effect. It is its natural tendency ; but it 
is evident that that force must produce exactly 
the necessary displacing, else the defect would by 
no means be corrected. 

If we represent by r the radius of curvation, by 
V the velocity of the motion, and by m the mass 
of the body moved, the centrifugal force produced 
on the curve will be, as is known, expressed by 

But P being the weight of that same body, and g 
the accelerating force of gravitation, we have 



, from whence m = - 
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which ia the expression of the centrifugal force of I 
a body of a given weight P, moving with a velocity 
V, on a curve the radius of curvation of which is r. ' 

In this expression, g is the accelerating force of 
gravitation, or the double of the space passed over ( 
in the unit of time hy a body falling in a vacuum. 
Taking a second for the unit of time, and a foot 
for the unit of space, we have g = 32. Referring 
to the same units the velocity V, and the radius of i 
curvation r, wc shall have the measure of the cen- 
trifugal force expressed by its proportion to the 
weight P, or represented by a weight. 

Let us suppose, for instance, that the velocity of I 
the motion be 30 milea an hour, or 29.3 ft. per 
second, and the radius of the curve 500 ft. ; we 
shall have 



■^ - ^ '^ 32 X 500 - T^ *^' 

So in that case the centrifugal force will be the 
nineteenth part of the weight of the body in motion. 

The sense of the sigiis being now well understood, 
we return to the general expression of the centri- 
fugal force 

/ r. P X -- 
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The eflFort of this force exerting itseK in the 
direction of the ratlins, its effect will be to push all 
the waggons out of the curTe. If the two sides of 
the railway arc of equal elevation, the waggons 
will he stopped in the lateral motion only by the 
friction of the flange of the wheel against the rail. 
But if wo give to the outward rail a surplus of ele- 
vation above the inward one, it is clear that, in in- 
creasing sufficiently that elevation, we shall be able 
to master at last the centrifugal force, in such a 
manner as to permit it only to produce just the dis- 
placing we want. In fact, by raising in that man- 
ner the outward side, we change the railway in an 
inclined plane. The waggons placed on that plane 
ought, by virtue of their gravitj', to slip towards the 
lower rail. On the other hand, the centrifugal force 
pushes them against the outward rail, which is the 
highest. We create, then, hy that means, a coun- 
terpoise to the centrifugal force. 

Let us call y the surplus of elevation given to 
the outward rail (tig. SO) ; 2e being the breadth of 
the way, the inclination of the plane on which the 

waggons are placed, is — On this plane, the gra- 
vity of a body, the weight of which is P, is ex- 
Iby 



This gravity, as we have seen, tends to make the 
waggons fall within the curve, while the centrifugal 
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force pushes it withoat. If, therefore, 
the height y, such as may give 

2e gr 

the train, in passing over the curve, will experience 
no derangement from its original position, because 
the gravity and the centrifugal force will equili- 
brate. 

But, as for motives already explained, we require 
the waggon to be pushed aside, a certain quantity 



2(r + e) 



we must endeavour to find out what is the necessary 
inclination. 

Let us then suppose the train already displaced 
as much as required. Let us imagine, for instance, 
that the train has been pushed from the position 
ah to the position cd (fig. 30) ; that is to say, that 
the point of the inside wheel that was at « be come 
to c, at the distance \l from the first point, and that 
at the same time, the point of the outward wheel 
that was at 6, be come to d. In this situation, the 
incliaation of the plane on which the train is, will 
be 



Moreover, the conical inclination of the wheels 
shows that on the outward side of the curve the 



4 
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wheel will have increased its diameter by a certain 
quantity, in consequence of the lateral deviation ; 
while, on the interior side, it will, on the contrary, 
have diminished of an equal quantity. The tire of 

the wheel having a supposed inclination of — , a la- 
teral motion represented by p., must have produced 
on each wheel a difference in height represented by 

— . The effect of that variation of the wheels being 
to incline the waggon on one side, so that it is 
raised on one side of the quantity — , and lowered on 

the other of the same quantity — ; the result is a 

total inclination of — . which must thus be added to 

the inclination already produced by the difference 
of level between the rails. 

Consequently, the outward side of the waggon 
will be raised above the interior side of a quantity 

equal to ^ H : and as the base which separates 

the two bearing points is measured by 2e — ^, 
the final result is that the waggon will be in the 
same case as if it were placed on a plane, the in- 
cUnation of which should be 



y + - 
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In order that the centrifugal force may maintain 
the waggon in that position without throwing it out 
or letting it fall in, that is to say, so that there may 
be an equilibrium between the gravity on the plane 
and the centrifugal force, we must have 



•'I =-7C^^ — ^J^v 

Substituting for ^ its value, this etiuation be- 
comes 






Knowing, then, the conical form and the diame- 
ter of the wheels, as well as the average velocity of 
the motion and the breadth of the way, this expres- 
sion will give the surplus of elevation y that suits 
the radius of curvation r. 

Let us suppose that we have to employ the dimen- 
sions of the railway and waggons of Liverpool ; that 
is to say, that we have : 

V, average velocity, 20 miles an hour, or 99.3 ft. 
per second. 

— . inclination of the tire of the wheel, \. 

e, half-breadth of the way, ^.35 ft. 




D, diameter of the wheel at its right place on the 
rail, 3 ft. 

If we wish to construct on that railway a curve 
of 500 ft. radius, on which the waggons may expe- 
rience no additional resistance, the equation will 
fjive 

^ = 0.236 ft., or in inches, ^ = 2.83 in. 

We must, therefore, for that curve, with that 
wheel and that average velocity, give a surplus of 
elevation of 2.83 in. to the outward rail. 

Adopting the surplus of elevation of the rail de- 
duced from that equation, we render impossible the 
first species of resistance, which the passage of the 
curves tend to produce. However, as we only de- 
stroy that resistance by a certain lateral deviation 
of the waggon, it might be feared that that devia- 
tion might go so far as to make the flange of the 
wheel rub against the rail, in which case we would 
only have substituted one resistance for another. 
This is, therefore, the point we have still to con- 
sider. 

We have, until now, supposed the inclination — 

of the tire of the wheel to be given a priori. But 
as it is on that inclination that depends the degree 
of deviation the waggon must undergo on the 
rails, it must evidently be such that, even on 
the most abrupt curve of the line, the lateral de- 
viation of the waggon may never be considerable 
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enough to bring tbe flange of the wheel in contact 
with the rail. 

Now we have seen above, that tbe necessar] 
lateral delation is expressed by 



-2(r + «) 



If, therefore, the waggons have, for instance, a play 
of 2 in. on the way altogether ; that is to say, if, in 
their regular position, the flanges of the wheels 
keep on each side at a distance of 1 in. from tWS 
rail, the greatest value of the deviation [i, must 
always be less than I in. By that greatest value of 
fjj, we mean the delation on the most abrupt curre 
of tbe line. Consequently, putting for r the radius 
of that curve, and for f* its maximum, 1 in. or ^ 
of a foot, the equation will give the greatest value 
that can be given to the quantity a, or the least 

value of the inclination — . 

For instance, on a line, tbe most abrupt curve 
of which has 500 ft. radius, with waggons having 
wheels of 3 ft. diameter, and a play of 1 in. on each 
side of the way, the equation shows that the least in- 
clination one ought to give to the tire of wheel is -^ j 
but a more considerable inclination will Miswer, a 
Jbrtiori. 

On the Liverpool and Manchester Railway, the 
most abrupt curve, which is the one at the entrance 
of Manchester, has a radius of 858 ft. This results 



4 
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a conical inclination of -^, and this would answer 
in all cases ; but having said that a greater inclina- 
tion will fulfil the same object, we are free to adopt 
a greater inclination, if it suits other purposes 
better. 

It is customary to give an inclination of ^. The 
motive for making it so considerable, is to prevent 
all possibility of the flange rubbing agaiast the rail, 
either in case of a strong side-wind, or in case of 
some fortuitous defect in the level of the rails, by 
which the waggons would be thrown on the lower 
rail. Having seen above that, with an inclination 
of -j^, there would be no danger of the flange rub- 
bing in the curves, that danger will be still more 
impossible with an inclination of ^. 

M''e conclude that, with wheels having that incli- 
nation, the surplus of elevation of the rail which we 
have determined above, will correct the flrst species 
of resistance of the curves without creating the 
second, and that, consequently, the train will pass 
over the curves without any diminution of speed. 

%2. A Practical Table of the Surplus of Elevation 
of the outward Rail in Curves^ hi order to annul 
the effect of those Gmves. 

From what has been said, the surplus of eleva- 
tion that must be given to the outward rail in the 
curves, is determined by the following formula : 



■^ 




D, Samtter of Ae wbed, expnaaed in feet. 
r, !■£■> of tbe cs^nc, mmiiiiiiJ in the s 



<^Ufaftfae«idtfa<rf' the vw, expressed tkei 

V, svcf^^ Tdodty that k to be givoi to the hmk 

tioa, expressed in feet per second. 
g, aeoeleratiDg force of gnntaciaB. expressed ia 

feet per second, or ^ = 92 ft. 

— =: — ; coitseqnentk, a =r 7. 

I/, surplos of elevation to be given to the outward 

rail of the cnrve over the inward rail, ex.pressed 

in feet and decimals of feet. 

Solving these formuls in the most usual cases on 

railways, we make oat the following table, whit^ 

dispenses with all calculations in that respect. 

A PBACTICAL TABLE OF TBE GCBPLUS OF ELEVATrOX TO BX 
OireX TO THE OUTWABD BAIL IX THE CURVES, IS 08DE8 
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ARTICLE II. 

OF THE INCLINED PLANES. 

§ 1. Of the Resistance of the Trnins on Inclined 
Pitmen. 



Inclined planes are a great obstacle to the mo- 
tion on railways. 

As soon as the trains reach these inclined planes, 
they offer a considerable suqdus of resistance, on 
account of the gravity of the total mass that must 
be drawn up the plane. 

Let us suppose a train of 100 t. drawn h? an en- 
gine. Having seen that on a level the friction of 
the waggons produces a resistance of 8 lbs. per ton, 
the power required of the engine will be 800 lbs., 
when travelling on a level. But let us suppose the 
same train ascending an inclined plane at j^. On 
that plane, besides the resistance owing to the fric- 
tion of the waggons, a fresh resistance occurs, which 
is the gravity of the total mass in motion on the 
plane. That gravity is the force by virtue of which 
the train would roU back if it were not retained ; and 
it is equal to the weight of the mass divided by the 
number that indicates the inclination of the plane. 
If, therefore, in this case, the load of 100 1. is 
u y 
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drawn by aa engine weighing 10 1., tbe total 
placed on tbe inclined plane will be 110 1. or 
246,400 lbs. ; and thus its grantr on the inclined 
plane, at j^, will be "t%*^o lbs. = 2,464 lbs. 
The suri)lus of traction required of the engine, on 
account of that circumstance, is, therefore, 2,M>4lbs., 
and, as we have seen that on a level 1 1. load is re- 
presented bv 8 lbs. traction, we also see that those 
Q,4&i lbs. represent the resistance that would be 
offered by a load of 308 t. on a level. Consequently, 
the engine, which, before, drew 100 1. must now 
draw 408 t., or at least must exert the same eflfOTt 
as if it drew 408 t. on a level. 

This is the manner in nhich the calculation 6f 
tbe resistance on inclined planes must be established ; 
and we have entered into those particulars, because 
it frequently happens that, in making the calcula- 
tion, the gravity of the load is alone considered, 
without takiBg into account tbe gravity of the en- 
gine, which ought also to enter for its share. 

In speaking of the fuel, we shall see that the in- 
clined planes of the Liverpool Railway, which at 
first sight appear quite insignificant, oblige, how- 
ever, the engines to a surplus of work, which 
amounts to a sixth part of what they would have to 
do on a level. By this we see how important it is, 
in establishing a railway, to keep it on as perfect a 
level as possible. It frequently happens that, by 
avoiding to level a part of the I'oad, that is to say, 
to cut through a hill, or to fortu an embank- 
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ment through a valley, a gi-eat economy is ex- 
pected. This is, however, a great mistake, for, in 
most instances, the only economy is that of the 
first outlay, whereas, the aniiual auffmentation of 
expense surpasses by far the interest of the capital 
saved ; so that, instead of an economy, we have in 
reality a greater expense. This additional expense 
may even, in some cases, go so far as to paralyze 
completely all the advantages of the undertaking. 

in suffering inclined planes to subsist on a line 
of railway, it not only becomes impossible to lower 
sufficiently the freight of the goods ; but, what is 
much more important, frequent accidents occur 
while descending those steep acclivities, the least 
inconvenience of which is to destroy public confi- 
dence in the safety of the conveyance. It is, there- 
fore, necessary to lay down as a principle, that the 
end to be aimed at, in the construction of a railway, 
is not only to make a smooth road, but likewise a 
level one. It is, besides, the only way to apply with 
efficacy the use of locomotive engines. 

When, however, it has been impossible to avoid 
the inclined planes, and when the use of stationary 
engines has been rejected on account of the inter- 
ruption they unavoidably cause in the service, there 
are only two ways that can be resorted to. The 
loads must either be regulated so that they may not 
exceed the power of the engine in going up the plane, 
or it is necessary to give the engines the help of one 
or more others, according to whiit iy rci^uircd. 
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On the Liverpool Railway the trains of coaches 1 
never being very hea^'y, are seldom above the power 
of the engines on the most iaclined parts of the , 
line, viz. in the two acclivities of -^ and ^g. In ' 
general, therefore, the engines ascend these in- 
clined planes without help ; and during the rest of 
the trip, on the level or descending parts of the 
line, their speed is regulated by partially shutting 
the regulator. 

The trains that are too heavy for a single engine, 
as are commonly those of waggons, are helped in 
passing the plane by an engine stationed at the foot 
of the acchvity, and especially intended for that 
use. This engine is, consequently, constructed for a 
slow motion and a considerable power. The cylin- 
ders have \'Z or 14 in. diameter, with the usual 
stroke of 16 in., and the wheels have only 4 ft. G in. 
Besides, in order to have more adhesion, the weight 
of the engine is 12 1. and the four wheels are 
coupled. These additional engines, working less 
than the others, require also, in general, much less 
repairs. 

On the Darlington RaUway, the acclivities are 
much too numerous for an additional engine to be 
placed at each of them. The load of the engine 
must therefore be limited so that it may ascend 
with that load the most inclined of the planes. 

The locomotive engines acquire, however, a 
considerable augmentation of power, at the moment 
of their passage on an inclined plane, because their 
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speed being suddenly considerably reduced, tbe 
cylinders consume a smaller quantity of steam. 
The fire, strongly excited by the preceding ra- 
pidity of the engine, coutinuing to furnish the same 
quantity of steam, a great part of it must escape 
through the valve. But the passage of the valve is 
too narrow to emit freely all that steam. Besides, 
the spring that presses on the valve opposes more 
and more resistance, in proportion as the steam 
tends to raise it higher, in order to get a wider pas- 
sage for itself. The consequence is, that the steam, 
not being able to escape as quickly as it is generated, 
suffers an increase of pressure in the boiler. 

This increase of pressure evidently depends on 
several circumstances : the size of the valve, the 
evaporating power of the boiler, the previous excit- 
ation of the fire, and finally the length of the lever 
at the extremity of which the spring-balance acts. 
In some engines this increase may amount to 10 lbs. 
per square inch, as we have remarked in speaking 
of the pressure. 

In that case, if the usual effective pressure of the 
engine be 50 lbs, per square inch, it may, on as- 
cending the inclined plane, increase to GO lbs., that 
is to say, in the proportion of i, which is considera- 
ble. This must, therefore, be taken into account 
when it is required to calculate the load the engines 
are able to draw on these planes. But it is neces- 
sary to observe that this is effectual only when the 
inclined planes are not of too considerable an ex- 
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tent, because, iu that case, the fire ceasing to be 
excited in the same proportion, the surplus of effect 
will be reduced. The -weight of the engine must, 
besides, always give sufficient adhesion of the wheel 
to the rail, as we shall explain in the following 
Chapter. 

There is also another circumstance in which the 
engines are obliged to exert an additional effort. 
That is at the moment of starting. We have seen, 
in fact, that the power which, when the motion is 
once created, need only to be constantly equal to the 
resistance, must, on the contrary, surpass it at the 
instant that it is to put the mass in motion. The 
reason is plain : in the first case, it is only neces- 
sarj' to maintain the speed ; in the other, it must 
be created and maintained. It is this additional 
effort on the part of the movuig power which is im- 
properly called vis inertia; because it is attributed 
to a particular resistance residing in the mass. 

The starting is, therefore, a difficult task for a 
locomotive engine heavily loaded. However, at that 
moment the engine acquires, as well as on the in- 
clined planes, a considerable increase of power. 
Here again the slowness of the motion produces two 
effects. The pressure in the cylinder grows equal 
to the pressure in the boiler, which is itself aug- 
mented by the effect of the spring-balance. But, 
notwithstanding this twofold advantage, the difficulty 
of starting still remains so great for considerable 
loads, that we should always artvise giving in that 
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point a slight declivity to the way. By that means 
the trains would be set in motion with more ease at 
the departure, and it would not be necessary at 
their arrival to make use, in order to stop them, of 
tlie powerful brakes, the effect of which is certainly 
as destructive to the wheels of the waggons as to 
the rails. 



§ 2. Practical Table of the Resistance of' the 
Trains on Inclined Planes. 



In the preceding paragraph, we have seen in 
what manner the resistance of the trains on the in- 
clined planes must be calculated. The following 
table presents the result of that calculation in the 
cases which occur the most frequently on the rail- 
ways. 

It is clear that, by the weights inscribed in the 
following table, it is only intended to show the re- 
sistance offered by the train, and not the weights 
the engines are able to draw, those weights being 
limited either by the power of the engine, as we 
have explained elsewhere, or by its adhesion, as 
shall be mentioned in the following Chapter. 

This table, assimilating the trains drawn on in- 
clined planes, to trains drawn on a level, gives the 
means to learn by the former tables, cither the loads 
the engines will be able to draw on given inclina- 
tions, or, vice versa, the inclined planes the engines 
will be able to ascend with given loads. 
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, TABLE OF THE RESISTANCE 1 
ON INCLINED PLANES. 
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CHAPTER VIII. 



OF THE ADHESION. 



§ 1. Measure of that Force. 

The series of experiments we have described 
above, on the velocity and load of the engines, 
solves also another question in regard to the motion 
of locomotive engines, of which we have not yet 
sp<^en. That is the adhesion of the wheel to the 

rails. 

We have remarked in describing the engine, that 
the power of the steam being applied to the wheel, 
the engine is in the same situation as a carriage 
which is made to advance by pushing at the spokes. 
Thus, as in that action, the only fulcrum of the 
moving power exists in the adhesion of the wheel 
to the rail, if that adhesion is not sufficient, the 
force of the steam will indeed make the wheels 
turn, but the wheels, slipping on the rails instead 
of adhering to them, will revolve, and the engine 
will remain in the same place. 

The more considerable the train the engine 



soo 
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draws, llie more power it must employ, and the 
more resistance it must consequently find in the 
jioint on which it rests, for executing the motion. 
It was therefore to be feared, that with considerable 
trains, the engines would be imable to advance ; 
not that the force would be wanting in the moving 
power itself, but in the fulcrum of the motion. 

The experiments related above, establish the 
meisure of that adhesion in the fine season of the 
year. Among all these experiments, not one is to 
be found where the motion has been stopped or 
even slackened for want of a^lhesion, and neverthe- 
less we see loads that amount to more than 200 1. 

-If we take, for instance, the first experiment 
made with the Fury, on July 24 ; during a part of 
the journey, that engine drew 244 t. The engine 
advancing with that load, the adhesion must neces- 
sarily have been sufficient. Now the weight of the , 
Fury is 8.20 t., and that weight is divided in such 
a manner, that 5.5 t. are supported on the two hind 
wheels, which are the only working wheels, the 
others not serving to push the engine forward, but 
only to carry it. Wc have thus a weight of 5,5 t., 
drawing 244 1., or a loaul 44^ times as considerable 
as itself. The result of this is, that an engine 
having its four wheels coupled, and which conse- 
quently adheres by its whole weight, is able to 
draw a load 44^ times its own mass. 

We have said that the Fuky engine adhered only 
by two of its wheels. On the Liverpool Railway 
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that disposition ia generally adopted for all trip 
engines, because the adhesion of two wheels is suffi- 
cient for the loads they have to draw. As for the 
helping engines, they work hy the adhesion of their 
four wheels, as has been said elsewhere. The 
Atlas is the only one of the former class that 
differs from the others in that respect. This en- 
gine has six wheels, four of which are of equal size, 
and worked by the piston. The two others, which 
are smaller, and have no flange, can be raised out 
of contact with the rails, by the action of the steam 
on a moveable piston. That ingenious arrange- 
ment, which may have more than one useful appli- 
cation, in permitting the weight of an engine to be 
distributed upon six wheels, without making the 
engine more embarrassing than if it had only four, 
is due to Mr. J. Melling, of Liverpool, who, in this 
instance, made use of it in order to give the engine 
a much larger firebox, and, consequently, the power 
of generating a greater quantity of steam. 

We have now expressed the adhesion, by giving 
the measure of its effects ; but the power itself may 
be expressed in a direct manner. The load of 
244 t. produced a resistance, or required a traction 
of 1,952 lbs. ; the adhesion was thus equal at least 
to 1,952 lbs., else the wheel would have turned 
without advancing. Now the adhering weight was 
5.5 t., or expressed in pounds 12,320 lbs. ; we see 
then that the force of adhesion was equal to about 
J of the adlieriug weight. Considering that every 
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8 lbs. force corresponds ■with the traction of a ton 
on a level, this expression is exactly similar to the 
first. 

In winter when the rails are greasy and dirty, in 
consequence of damp weather, the adhesion dimi- 
nishes considerably. However, except in very 
extraordinary circumstances, the enjo'ines are always 
able to draw a load of 15 waggons, or 75 1., tender 
included, that is to say, 14- times their adhering 
weight. In other words, the resistance of 75 t. 
being 600 lbs., the force of adhesion is always at 
least ^n of the adhering weight. 

Adhesion being indispensable to the creation of 
a progressive motion, two conditions are necessary 
in order that an engine may draw a ^ven load. 
Ist. That the dimensions and proportions of the 
engine and its boiler enable it to produce on the 
piston, by means of the steam, the necessary pres>- 
sure, which constitutes what is properly termed the 
power of the engine ; and, 2nd, that the weight of 
the engine be such as to give a sufficient adhesion 
to the wheel on the rail. These two conditions of 
I power and weight must be in concordance with each 
I other ; for, if there is a great power of steam and 
' Ettle adhesion, the latter wiU limit the effect of the 
engine, and there mil be steam lost ; if, on the 
' other hand, there is too much weight for the steam, 
that weight will be an useless burthen, the limit of 
load being in that case marked by the steam^ 
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§ 2. O/" the Engines employed on Common Roads. 

The considerable loads that have been drawn by 
the engines in the experiments described above, 
ought to remove the fears of such persons as sup- 
pose that the wheels of locomotive engines on rail- 
ways are constantly apt to slip, and who endeavour 
to remedy that imaginary defect by employing the 
engines on common roads, without having ascertained 
whether the adhesion will be more considerable. 

We see here a locomotive engine on a railway, 
drawing 244i t. by the force of its steam, and not 
less than J5 t. by its adhesion. Its loads are thus 
always comprised between those two limits, 

On a common road, where the resistance of tra*?- 
tion is very considerable, not one of the above- 
mentioned engines would be able, by the force of its 
steam, to draw a weight of 7-5 t., much less ever to 
attain 244 t. The loads will therefore always, and 
in every circumstance, remain below what they 
would be on a railway. Of what importance is it, 
in fact, whether the moter gains in regard to ad- 
hesion, which is only an inert force, if the power 
of the steam do not enable it to profit of that 



We say that an engine that draws on a railway 
a load of JS t. ai least, will never be able, on a 
common road, to draw that same load at most. 

Let us in fact examine the same engine, with the 
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. same weight and same pressure, placed in those 
two different eircuinstances. 

The experiments made by Mr. Telford, on the 1 
draft of carriages on different sorts of roads, prove j 
that on the road from Liverpool to Holyhead, the 
best in England, the force of traction necessary to 
draw a weight of one ton is as follows ; — • 

Ibi. 

iBt On a well-made payement 33 

2nd. On a broken Btone surface on old flint road... 65 

3rd. On a gravel road Ii7 

4th. On a broken stone road, upon a rough pave- 
ment foundation 46 

5th. On a broken stone surface upon a bottoming 
of concrete, formed of Parker'a cement and 
gravel 46 

Mean 67 

On a railway, a ton requires only 81bs. traction. 
Thus, on the Holyhead road, the traction of a ton 
requires eight times as much force as on a railway. 

The consequence is, that the Fury engine, for 
instance, which by the effect of its 65 lbs. effectiTe 
pressure, was able to draw on a level 244 t., would 
in no circumstance, even on the excellent Holyhead 
road, he able at the same pressure to draw more 
than ^ of that load, or 30 1. 

Thus its ma-ximiim load on a common road 
would only be the f of its minimum load on the 
railway. 

To which must still be added, that the resistance 

• Report of the Holyhead Road Com- ■--■"n era. 
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of the engine, in the case of its progress on a 
common road, will be, like the resistance of the 
waggons, considerably augmented. It will therefore 
be obliged, in order to move itself, to consume a 
much greater portion of its own power, which will 
diminish in the same proportion the 30 1. it might 
else have drawn. 

We see that on a common road, the resistance of 
the carriages puts much quicker a stop to the 
useful effect than the adhesion does on a railway ; 
and, that, under all circumstances, the advantage in 
regard to the load is in favour of the engines on 
railways. 

But there is another consideration that appears 
to militate in favour of what is called steam-car- 
riages, that is to say, locomotive engines employed 
on common roads ; that consideration is the expense 
of constructing a railway which is thus avoided. 
A considerable economy is expected to be made by 
that means. The construction and keeping in 
repair of the railway, is in fact a very heavy 
expense. The capital laid out for that will be 
entirelv avoided. But, at the same time, the chief 
advantage of the undertaking will be lost. 

Why demur to lay out capital, if a considerable 
profit is to be derived from it ? Why save the first 
expense, if the consequence is the necessity of spend- 
ing more annually than the interest of the capital 
saved ? 

This is exactly the present case. The construe^ 

X 
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to see the cause that puts so soon a limit to their 
load. There exists no common road without con- 
siderable acclivities. As they must be overcome, it 
is necessary to give to the engine only the load 
which it can take over the steepest of those ascents. 
Now, on an acclivity of ^, the weight of three stage- 
coaches, or 9 t., increased by the weight of the 
engine, presents, on account of the gravity, a resist- 
ance equal to that which 45 t. or 15 stage-coaches 
would offer on a level. A steam-engine that is to 
draw three stage-coaches during a journey of some 
length, must therefore be able to draw 15 loaded 
fltage-coaehes on a level common road. This is all 
that can be supposed, even admitting improvements, 
for that force corresponds with 120 stage-coaches 
on a railway. We must take therefore two or 
three stage-coaches at most, as the regular load 
of these engines. 

But the levelling, which is the result of the ex- 
pense attending the construction of a railway, ren- 
ders those same engines capable ofdrawing 40 loaded 
stage-coaches or waggons. This is thus 12 or even 
20 times as much. To do the same work on a com- 
mon road, 12 times as many engines will consequently 
be required at once, with 12 times as many engine- 
men and fire-men. Considering also the disadvan- 
tage there is for the engines, in respect to fuel, in 
drawing small loads, we may confidently calculate 
that the expense for fuel wiU be doubled. Of this 
we will be the more convinced, if we take into 
.\ 2 
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from one of those towns to the other. At present 
when, thanks to locomotive engines, the journey 
is completed in an hour or an hour and a half, 
there are 1,200 passengers a-day. The speed has 
the greatest share in the creation of that profit. 
It must be given up if the engines are only to run 
eight or ten miles an hour. 

Now, the 8 or 9 1. that the locomotive engines 
weigh on railways, allow us to give them a suffi- 
cient extent of boiler to generate a certain quantity 
of steam per minute, and consequently a certain 
speed. If the nature of the road obliges us to 
reduce the weight of the engine to 3 1. only, 
with the necessity of making all its difierent parts 
stronger, on account of the jolts on a rough 
surface, there will naturally be less heating surface 
in the boiler, and consequently less possible speed. 
And, in fact, the steam-coaches scarcely do more 
than eight or ten miles an hour. 

As a last reflection, we shall add, that until 
the present moment the success of locomotive 
engines on common roads, continues, as a specu- 
lation, to be very uncertain, whilst the prosperity 
of railways, whatever be the moving power, is 
demonstrated by their continued extension. Steam- 
coaches may be improved, but, we repeat, what- 
ever be the advantages they may offer on a 
common road, it is not to be contested that, by 
employing them on a railway, those advantages 
will be infinitely greater. 



CHAPTER IX. 



OF THE FUEL. 



^ 1. Of tJie Consumption of Fiiel in Propoiiion 
with the Load. 



We have still an important article to discuss. 
That is the fuel. 

From what we have said above, the steam, gene- 
rated in the boiler at whatever pressure it tnay be, 
takes, in passing into the cylinder, a pressure exactly 
determined by the resistance on the piston. The 
mode of action of the engine, is thus limited to the 
transformation of a certain quantity of steam, 
drawn from the boiler, and consequently at the 
pressure of the boiler, into steam at a lower pressure 
and of a proportionally greater volume. 

Let us suppose the same engine, with the same 
pressure in the boiler, and travelling the same dis- 
tance with two different loads. The distance tra- 
velled being the same, the number of turns of the 
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wheel, and consequently of strokes of the piston or 
cylinders of steam expended during the journey, 
will he the same in the two cases. Jf the load had 
been the same, there would also have been identity 
in the nature of the steam expended. But as the 
loads differed, the same number of cylinders will 
indeed have been expended, but the degree of the 
steam in the cylinders will be different in the two 
cases. 

Then the expense of moving power will be in 
one case a certain volume of steam at the pressure 
R, for instance, and in the other case the same 
volume at the pressure R'. 

The pressure of the steam in the boiler being 
supposed the same in the two experiments, its 
temperature will also be the same. As the tem- 
perature experiences no reduction during its pas- 
sage to the cylinders, the pipes and the cylinders 
themselves being immersed in the boiler, or sur- 
rounded by the flame of the fire-place, the tempe- 
rature of the steam in the cylinders will be the 
same in the two cases. 

Thus the volume and temperature of the steam 
expended during the journey will be the same in 
both circumstances. The pressure of the steam in 
the cyUnder wiU alone have undergone a change. 
Consequently the mass or weight of steam expended, 
will he in each case in the ratio of the pressure 
in the cylinder. 

The weight of the steam being equal to rhat of 
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I the water that geacrated it, the wn^ts of water 
<■ eraponued vnH then be to ea<± other as the pres- 
■VCB in the crliudo', or, in other words, as the 
miiinliiiHi II oo the pistcin. Besides, as the water is 
first transfomied into steam at (he pressure of the 
boiler, that is to say, in both cases into sleam at 
the same degree of pressure, it follows also that the 
quantities of fuel netzessarj for the evaporation, will 
be to each other as the pressures or total resistances 
on the pistun. 

This shows that the coQsiunpii(wi of fuel is inde- 
pendent of the speed, and that it depends only on 
the resistance on the piston. 

If in the two journeys we consider, the pressure 
happens not to be identically the same in the boiler, 
there will be a little more fuel consumed in that 
case where the pressure has been the greatest, 
because the pressure could only increase in ccmse- 
quence of an increase of temperature. But as de- 
grees of pressure ven distant from each other are 
produced by verj" similar temperatures, the differ- 
ence of consumption occasioned by that circumstance 
will be of little importance, and will not be per- 
ceived in practice. 

This principle gives the proportions of the con- 
sumption of fuel fur the same engine with different 
loads, and may thus serve to determine its con- 
sumption in all circumstances, as soon as it is 
known in one determined case, 

If for instance Q and Q' apr^^^^^tities of 




OF THE FUEL. 313 

fuel expended with two given loads, the resistance 
on the piston with the first of these loads being 
expressed by R, and with the second by R', we 
shall have 

Q _ R 
Q! '^ W 

But we have already calculated the resistance R on 
the piston of an engine. We have seen (Chap. V. 
Art. II.) that M being the load expressed in tons, 
tender included ; F the friction of the engine with- 
out load ; d the diameter of the cylinder ; D the 
diameter of the wheel ; / the length of the stroke ; 
p being the atmospheric pressure per unit of sur- 
face, n the resistance of the load per ton, and i the 
additional friction of the engine per ton of load, 
that resistance is 

R = [F + (i + «)M] l^+p. 

Thus, for a diflferent load drawn by the same engine, 
we shall have 

R' = [F + (i + «)M']J^ + pj 
consequently, 



^' [F + C5 + «)M']H. + p 
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This equation can be written in the foUowinj^ t'orro ; 

M + ~— — — I 1 

,- 'J'" *,, r pf^l !■■ -1 

So that the expression \ — 1 J- beine^ 

calculated once for all for the given dimensions of 
the engine, nothing more will he necessary than to i 
add that quantity to M and M', in order to have ■ 
the required proportion of Q to Q'. 

Let us suppose, for instance, that we have an 
engine similar to the 11-inch cylinder engine of ] 
Liverpool, viz. : 

F, friction of the engine without load = llOlbs. 
d, diameter of the cylinder 11 in,, 

or in feet = 0.917ft. 

D, diameter of the wheel z= 5 ft. 

/, length of the stroke iGin., or in 

feet = 1.33ft. 

As besides we have 

p, atmospheric pressure per square 

foot IT a,117lb8. 

n, resistance of the load per ton ... — 8 lbs. 

5, additional friction of the engine 

per ton of load •**^^% 1 'b. 
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For this case we shall have 



d^l F ^ 

+ - -Q5. 



(3 + » ) D ' a + n 

Iq the case of a 12-inch cylinder engine, with 
152 lbs. friction, like the Atlas, the value of this 
quantity would be 80. 

And, finally, for the Vesta, with 1 1^-inch cylinders 
and 187 Ihs. friction, the same quantity is 75. 

Thus, in the case of those diflFerent sorts of en- 
gines, we shall have for the quantity of fuel ex- 
pended with two different loads M and M', 

Q M + 65 



or 






or finally 



M' 


+ 65 


M 


+ 80 


M' 


+ 80 


M 


+ 75 



Q' " M' + 75 



In these expressions M stands for the load, tender 
included ; the weight of the tender is meant, there- 
fore, to be added to the load, if it was not included 
in it from the first. 



We easily perceive that the quantity 1 



F pm 



a+» ' (3+»)D 

is nothing but the friction of the engine and the at- 
mospheric pressure referred to the velocity of the 
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engine, and represented by the number of tons that 
would offer an equivalent resistance. Thus the 
number M of tons, ad<Ied to that quantity, represents 
the total resistance overcome by the engine. Con- 
sequently the principle established above amounts 
to this : that the power applied is in proportion to 
the total resistance to be overcome, as was naturally 
to be expected. 

This invariable quantity, which must be added 
to the load, expresses, as we have said, the aggre- 
gate inert resistance of the engine, or, if we may be 
permitted to use that expression, the constant vis 
inertife of the engine. As this quantity differs for 
each engine, and as it must be calculated separately 
for each of them, we shall join here a table which 
will show its value, superseding thus the necessity 
of calculating it, for the engines most commonly 
used on railways. 
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A TABLE OF THE cossTAN'i vr% :s=.ar.« ■» - 

NECESSARY TO DETERMINE Tilt C .\- .J.^T:, ; 
DIFFERENT LOADS. 



Designation of the E:i] 
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.vu 


Engine with cylinders 1 1 iiu or in f#^f 


'-..>.-•»-. 




stroke 16in-, or 






wheel 




V, ". 


friction 










Engine with cvlindera 1 2 in- '.r 


1. 




strrjk^ \'j i.i- or 
whwrl 


« r ■ ■ 


o'. 


friction 






Engine with cvli nder^ 1 \ :'... -.»• 




stroke* .^, .;;-. '.»• 


^ ^ 

^ 


V. 


wh<=:«»'l . . . 




« ^ 


frintiOn 






Engine with ovlinrl<^r^ i fc .n- *»•. 






^trokft K>in- or 


J 


' i 0.> t. 


whf^ftl 




■ 


friction 


. 1 iO Ih^. 




I^ncrinfk ivitfi /MrlinH^i*Q \0. in., or ..■•.. 


\ ft. 


^ 107 1. 




4trokp 1 ^ in- or 


. 1 ..>r> ft. 




wheel 


.^ it. 




1 friction 


. . 1 ^>.^ lbs. 
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§2. Experiments on the Qimntitj/ of Fuel con- 
sumed hy the Engines, 

The above formula, which is of easy application, 
gives the absolute quantity of fuel required by an 
engine in all circumstances, provided the consump- 
tion of the engine in a given case be known. 

The only thing necessary, will therefore be, to 
make one experiment on the fuel consumed by the 
engine with a given load, which will be the data of 
the problem. 

Evidently between two different engines, this 
first data will differ according to the particular 
construction of each engine, and chiefly according 
to the extent of heating surface of its boiler. The 
following experiments were therefore undertaken 
on the Liverpool and Manchester Railway, in order 
to obtain a knowledge of this data, and likewise to 
verify the theoretical principle exposed above. 

In these experiments the tender was first care- 
fully emptied, then the coke was accurately weighed 
and put into the tender. The fire-place of the engine 
was besides filled with fuel, up to the lower part of 
the door. At the end of the experiment, the fire- 
place was again filled to the same height, and the 
coke remaining in the tender was weighed with the 
same care as at setting off. 

As an engine that ascends alone, with its train, 
an inclined plane exerts necessarily a greater effort 
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than if at that moment it were helped by an addi- 
tional engine, we have put down whether the engine 
was helped or not in going up the plane. We have 
also incribed the state of the weather and the 
temperature of the water in the tender, in order 
that those circumstances might be taken into con- 
sideration. 

In these experiments, the co-operation of the 
persons attached to the establishment was often 
necessary. We must particularly mention Mr. J. 
Dixon, the resident engineer, to whom we are in- 
debted also for his accurate levelling of the road, 
and many other pieces of information obligingly 
communicated to us. 
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BY THE LOCOMOTIVE ENGINES, WITH GIVEN LOADS. 
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In examining these experiments, we find thi 
neither the pressure in the boiler, nor the velodtf 
of the motion, have any remarkable influence on 
the result. This fact was already indicated by I 
theorj'. 

We also remark the advantage that is found, ia I 
respect to fuel, in making the engines, whenever iil 
is possible, draw the greatest loads their power wiUl 
permit. For instance, the Atlas, drawing a load 
of 95 t., consumed 7^0 lbs. coke, whereas, in draw- 
ing 190 1., or a load eight times as great, it only ; 
consumed double the quantity of coke. This dif- 
ference must evidently, as we have explained above, 
be attributed to the expense of power necessary in 
each case, in order to overcome the resistance of 
the atmosphere, the engine, and its tender. 

We must add, that in those experiments the coke 
employed was of prime quality, or Worsley coke, 
which is prepared on purpose for iron-founderies. 
When gas-coke is used, the engines consume about , 
ISper cent, more, without reckoning the loss result- 
ing from the friability of that combustible. It has 
moreover been ascertained, that the sulphurous parts 
it contains are highlv destructive of metals. For 
that reason its use has been completely given up oh 
the Liverpool Railway, notwithstanding its low 
price. 

In making use of coals of good quality, the - 
quantity required is nearly the same as that of good 
coke ; but this combustible has in regard to the 
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preservation of the engines, the same defects as 
gas-coke. 

Respecting the distance travelled by the engines 
in these experiments, the railway from Liverpool 
to Manchester is generally reckoned 30 miles long, 
and considered a level ; but as a greater degree of 
accuracy is required in the calculation, and as we 
wish to deduce from these experiments the really 
corresponding consumption of coke on a level rail- 
way, we must reckon as follows. 

One part of the line travelled by the locomotive 
engines is 29.V miles long. If we divide it in 
three parts, we see that 1 1. drawn from one end of 
the railway to the other, opposes the following resists 
ances. (See the section of the railway, Chap. V. 
Art. VII. §1.) 

I t. at 26^ milea, on nearly a level 1 at 2fi^ 

I I at 1^ mile, ascending g^ or ^, equal (friction 

and gravity) to 4> t. drawn to the aame 

distance on a level, or 1 1. Ht 6 miles,... 1 at 6 

1 L at I j mile, descending by the sole force of the 

f-ravity 

Sinn 1 at 32.5 

Thus when the engines ascend the plane without 
help, the work they actually do is equal to the 
traction of a similar load to a distance of 32.5 miles 
on a level. 

If they ascend the plane with the help of one or 
more other engines, their share of the load in 
ascending is on an average only i of the whole on 
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are employed, and the surplus of work produced by 

the passage of the planes. 

It is from those distances of 2S).5 miles and 

34.5 miles, that the numbers placed in the eighth 

column of the preceding table have been deduced 

in each experiment- 
In examining the results contained in that table, 

we find that they agree with the rule deduced 

above from the theorj- of the engine. 

For the Atlas, the average of the experiments 

made with 25 waggons, gives 119 t. conveyed by 

1136 lbs. of coke. Calculating upon this data, 

and adding ^ for the eases where there has been no 

help, we find 



Atlas ... 


..119 and tender 
190 and tender. 
95 and tender. 
65 and tender. 
35 and tender. 
25 and tender. 

...93 and tender 
34 and tender. 

...98 and tender 
Si and tender. 

... 83 and tender 
as aiid tender. 

... 51 and tender 
44 and tender. 


136. 


.. 1531 

... 1002 


1596 
lOSl 














... 719 


720 


Vb^ta .. 


916. 






Vulcan.. 


1071. 






Leeds .. 


897. 


... 697 


690 


Fury .. 


806. 




746 



If we take into account the accessory circum- 
stances, wc shall find between tlie calculation and 
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the experiment, as complete a coincidence as the 
nature of the experiments themselves could allow ; 
for, besides the abovc-inentjoned circumstances, the 
greasing of the carriages, the quality of the coke, I 
and, above all, the manner in which the fire-place 
is filled after the experiment, are subject to pro- 
duce considerable differences, notwithstanding the 
most scrupulous attention. 

The experiments we have related, give the quan- 
tity of coke consumed during the trip. 

It is however clear, that in the intertal between 
oti« trip and another, the engine, although at rest, 
i-ontiiiues to consume a certain quantity of fuel, 
Iwcauso its fire must be kept up for the following 
journey. It is true, that several of those engines, 
such as the Atlas, Vksta, and some others, have 
a particular sort of apparatus, by means of which, 
while the engine is at rest, the steam that continues 
to be generated in the holler may be led to the 
tender. That steam is then not completely lost, 
being condensed in the boiler, and serving to heat 
the water it contains. But all the engines are not 
disposed in that manner. 

Besides, there is in all cases consumed, every 
morning, a certain quantity of fuel for heating all 
the parts of the engine and the water of the 
boiler. 

A surplus of consumption must therefore be cal- 
culated for those two objects. This is a practical 
piece of information which wiU find its place here- 
after. 
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The researches contained in the work, give the 
solution of all such questions as are most important 
for the application of locomotive engines to the 
draft of loads on railways. They give the means of 
measuring the pressure of the steam ; of calculating 
the load, the velocity, and the proportions of the 
engines ; of valuing the diflFerent sorts of resistance 
they have to overcome ; of taking into account the 
influence of additional circumstances on their mo- 
tion ; and, finally, of knowing their consumption of 
fiiel. 

Here naturally our work terminates. However, 
as a knowledge of these engines cannot be complete, 
unless we are able to calculate also the expenses 
they will require for a given draft, we add in an 
Appendix the necessary information, by means of 
which that important point may be established. 



APPENDIX. 



EXPENSES OF HAULAGE BY LOCOMOTIVE ENGINES ON 

RAILWAYS. 



We have said that, in order to complete the knowledge of 
locomotive engines, we have still to consider them as a matter of 
speculation ; that is to say, to examine the amount of the expenses 
attending the haulage by means of locomotive engines on railways. 
That research is the object of the present Appendix. 

We shall draw the documents we have to present on that 
subject from the two most flourishing undertakings of the 
kind in England : the Liverpool and Darlington Railways. 
They will have, besides, the advantage of presenting examples of 
two very different sorts of conveyance : the one very rapid, and 
principally composed of passengers ; the other slow, and com- 
posed of goods. 

The expenses attending more especially the haulage by means 
of locomotive engines, are limited to the keeping in repair of the . 
engines, the maintenance of the way, and the consumption of fueL 
There are some other expenses, also, but they do not give 
occasion to discussion, and it will be sufficient to find their 
amount stated in the specified reports we subjoin at the end of 
this Appendix. 

§ 1. Expense for repairs of Locomotive Enffines, 

In the outlays above-enumerated, the expenses which must 
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naturally first of all draw our aEtention, aie tliose which attend 
the keeping in repair of the engines. 

Before we enter into any calculations on that head, it is De~ 
cessary to mention that what is meant by repairs to the engines, 
b nothing less than their coinp]«te re-construction ; that is to say, 
tliat when an engine requires any repair, unless it be for some 
trifling accident, it is taken to pieces and a new one ia eonstnict- 
eU, which receives the same name a£ the first, and in the cou- 
struction of which are made to serve all such parts of the old 
engine as are still capable of being used with advantage. The 
consequence of this is, that a rc-constructed or repaired engine 
is literally a new one. The repairs amount thus to consider- 
able sums, ]}at they include also the renewal of the engines. 

According to the tables at the end of this work, it will be seen 
that in the year ending on the 30th of June, 1834, the repairs of 
the engines of the Liverpool Railway cost : 

From June 30, to December 31, 1833. 

Materittls for repairs • • £S,iab 3 7 

Workmen *AOl 4 10 

Repairs out of the establishment .... 6 1 3 U !t 

~ ^e,7«9 12 2 

From December 31, IK33, to June 30, 183+. 

Materials £4,140 10 fi 

Workmsn 5,435 « s 

~ 9.573 B a 

f 1 9,343 4 

The question is now what was the work executed by those 
engines during that interval? By consulting the specified state- 
ments which will be found below, we see that the goods con- 
veyed on the line during the year have been : 

Between Liueipool and MancbcBter (30 miloB) I39,32BI. 

On part of the line, making an average of IS miles,' 
24,934t., which, on the whrde, is squBl to 12,467 

Sum 151,7n&l. 

' The distantc to whith thu company curries tlit WigiUi uihI Warrington 
trade, which makes the prini;ipBl part of this aitklc. in \5 mlluA. 
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In the tables we mentioned, we find some other haulage exe- 
cuted, such as that for Bolton and that of coals ; but this work 
is executed by engines which do not belong to the company, and 
for that reason we do not take it into account in this place. 

The above-mentioned weight ie that of the goods conveyed, to 
which must be added the weight of the waggons. Now, on that 
railway, the average load of a waggon is 3J t, and the waggon 
itself weighs 1.5 1.; so the weight of the carriages that served for 
the above-mentioned tonnage will be known by multiplying the 



number obtained, by the n 



1.5 



And a 



, moreover, the e 



gines, for want of sufficieat returning tralBc, are obUged to bring 
back half the wagons empty in one of the two di*ectioiis, or ^ 
of the whole, we shall have for the ffrois weight drawn by the 
engines in the course of the year — 

Weiglit afthegoodg \5l,19bt. 

Weight of (be corrcGpoadiii^ waggons ... ... » 65,055 

Weight of the KnggoDS brought back empty • ■ ■ • 16,264 



This is the tonnage of the goods, to which must be added 
that of the travellers. In the couree of the year, 415,747 tra- 
vellers were conveyed from one city to the other in 6570 jour- 
neys. ' This makes an average of 64 travellers per train. The 
coaches required for that number of travellers, including the 
empty carriages added to each train to be ready for any emer- 
gency, arc si\ carriages of the first clasw, or five of the second. '^ 



' This is the number of the travellera inscribed in the companj'a books. It 
includes neither the trayBllors put down nor those taken up on the lotA, the 
numbers of whieb balance each other. 

' The first class carriagea are glasi coaches, containing each 1 8 persons ; 
they ncigb 3.65t. Those of the Bccon*! class are open, and have 24 plaices ; 
their weight is 2.23 1. Lastly, the mait-eoaehes weigh 2.71 1., and carry IC 
trsvellcra. Etti'li glnss voath has beside! one autsidc place. 
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velocity of 12^ miles an hour. The average velocity of the 
haulage, was consequently, in miles per hour, 16.73 miles. 

We have said elsewhere that the Liverpool and Manchester 
Railway Company possesses at present thirty locomotive engines. 
It must not be concluded, however, that that number is necessary 
in order to execute the above said haulage. Of these 30 en- 
gines about one-third are useless. They are the most ancient 
which, having been constructed at the first establishment of the 
railway, at a time when the company had not yet obtained suf- 
ficient experience in that respect, are found now to be out of 
proportion with the work required of them. 

The engines actually in daily activity on the road amount to 
about 10 or 11, and with an equal number in repair or in reserve 
the business might completely be ensured. This is in fact what 
happens at present, the surplus, above that number, being nearly 
abandoned. 

We shall complete what we have just been saying on the 
Liverpool locomotive engines, by adding a document that will 
show what these engines are capable of executing in a daily 
work, and the improvement they have undergone in the course 
of the last few years, in respect to the solidity of their construc- 
tion. 
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WORK DONE BY THE IP EN BEST ENGINES OF THE LIVERPOOL AND 

MANCHESTER RAILWAY, DURING THE YEARS 1831, 1832, 1833, 

AND THE FIRST TWELVE WEEKS OF 1834. 




Total distaBce 

travelled by the 

Engine. 



1 

Total time 
the engine has 

been on the 
road, either in 

activity or in 
rep^r. 



Miles. 

31,582 
26,163 
24,879 
23,134 
20,308 
19,838 
19,364 
18,738 
18,348 
17,763 

220,117 
438 



8,542 
8,526 
7,290 
7,080 
7,080 
6,557 
5,712 
4,890 
4,632 
4,246 

64^,555 

538 



Weeks. 

52 
52 
39 
52 
52 
52 
48 
52 
52 
52 

503 



12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

120 
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Among those engines, the Liver had worked for 107 weeks, 
had travelled 52,865 miles, or, on an average, 49+ miles a-wcek 
during all that time ; the Firefly had worked 57 weeks, had 
travelled a distance of 33,421 miles, or 5S6 miles a-week, and 
neither of these engines at the period in question, had yet re- 
quired a fundamental repair.' 

This statement shows what can be expected from locomotive 
' engines, when constructed with care and of good materials; and 
there is no doubt that, in time, more work will stil! be obtained 
fh>m them. 



In order to give also an inslauce of the expense of repairs of 
locomotive engines, under other circumstances, and with another 
mode of construction of the engines, we shall set down here the 
work performed by the locomotive engines on the Darlington 
Railway, during the same year, that is to say, from June 3ft 
1833, to June 30, 1834, and the amount of expenses for repair^ 
ing those engines for the same space of time- 
On this railway the number of trips of 20 miles, down hill, 
performed in the course of the year, was 5318^. In each of 
these journeys the engine had to draw, in coals, a load of 63.6 1., 
vhich puts the total work at 

6,764,951 1. carried to the distance of one mile. 

But as this tonnage does not include the tare of the wagons, 
and as, independently of this descending trade, it is also neeea- 
eary to bring the empty waggons vp the line again, this point 

The greater part of these eicelknt engines nere built by Mr. R. Stt^hen- 
Bon, the eon of Mr. R. Stephenson, so well known for hia important and nu- 
merous impravementi in this branch of industry. 

The Ziucr engine, tbe merit of which is aufitciently ertablislied by the above- 
Btated facta, la the work of Measta. Edward Bury and Kennedie, of Liverpool. 
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requires our entering into some pai'tteulars, in order to be able 
to deduce from it the work really executed by the engines. 

We shall elucidate it before we go any farther. 

When a weight of one ton is drawn on a level railway, we have 
seen that it requires a traction of 8 lbs. But if the line ia not 
all on a level, upon each ascending plane, the gravity of the mass 
drawn will be an additioual resistance to be overcome, and must 
consequently be added to the 8 lbs. traction, already necessary in 
order to overcome the frictiou of the waggons. For the contrary 
reason, in the descending planes that gravity enters into deduction 
of the power to be exerted, and must consequently be subtracted 
instead of added. 

If, however, the same train, after having ascended an inclined 
plane, descends another equal one, the addition in one case being 
exactly equal to the subtraction in the other, the consequence 
will be, that the definitive resistance of a ton will remain the 
same as if the way had been level. 

Or, if the way has a known average inclination, from which it 
deviates, at times augmenting and at others duninishing, return- 
ing, however, always to that average inclination, the eame 
principle of compensation will stand good still, and it will be 
sufficient to calculate the traction required on that average in- 
clination. 

But this principle, which has itd foundation in the supposition 
that the engine is just as much eased in one point as it is over- 
chained in another, ceases to be true on all such planes where 
the gravity surpasses the friction ; that is to say, on all planes 
where the inclination is greater than ^^. In fact, beyond that 
point the overcharge in ascending continues to augment rapidly, 
while the load in going down, already reduced to nothing on a 
plane at ^^q, caimot diminish any more. All compensation there- 

This remark proves that the conelderation of the gravity, on 

the average inclination of a line, gives the real rei>istance on that 
line, nnly in case it contains no ffegrepr/hir/ planes of a greater 
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incltnUinD than j^, or in case tho^ that axe in that predica- 
ment have beeo reckoned ecfwnUelj'. 

Apply itig that principle to the Dariington Railway we find, 
according to the section of that line', that on its total length 
there are eight inclined planes on whieh the gravity surpasses 
the friction. The length of these eight planes being together 
10.23 miles, which is a half of the whole distance, we see that, 
iluriiig one half of their Journey iu descending, the Darlington 

■ TIm put oT ihu imilwBj tTBTellwi by the locomoIivE engrines begiiu U 
the foot of BraaetUmiikcliittdplwie, alaiielmtiaaof383ft. 1 in. aboie lb« 
quay al Stocklon, wkere it lennSnUet, after pvvng ever tht foUowing u 



o.oe. . 


. - do 


0.93. . 


. , 4o 


1.46. . 


. . do. 


8.46. . 


. . do 














0.30. . 


. . do 


1.75 . . 


. . do 


i.ei . . 


. . do 




. . do 


0.B3. . 


. . do. 








. . do 


0.03. . 


. . level 


0.81 . . 


. . descent 










i.ie do. 



Sum . . 20.78. Average inqlination. 3f<:j feel on 109,692 feel, or 
Betides the principal line, there are lateral branches over which the loco- 
motive engines alBO travel, but the level of whiph has not been taken. The 
aggregate apace travelled over by the ]o<:omoIiTe engines rs 34 miles, 
rest of the railway, consisting of 1<> miles more, is worked hy horses and hy 
stationary steam- engines. 
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!3 have Ro traction to exercise, and that the trains go down 
of themaelvea. The remaining half of the way, being practi- 
cally level (22^ feet in descent for lOl miles), the engines have 
on that part the traction of a, level line, that is to say, 8 lbs. per 
ton. So their average traction during the whole descent is i lbs. 
per ton, or, in other words, their work is equal to the draft of 
their load to iialf the distance on a level. We see here how 
great a mistake we would have made if we had taken as a rule 
the average inclination of the whole line ; for that inclination 
being -^^, we would naturally have concluded that for all the 
descending trade, the traction was almost reduced to nothing. 

Coming back, therefore, to the tonnage on the line, we liave 
seen that it amounts, for the goods, to 

6,764,951 t. 

This number does not include the weight of the waggons 
themselves. These waggons weighing 1,30 1., and their load 
being 2.65 t., the addition to be made on that account, will 

1.30 



be found in multiplying the aboi 



mber by the ratio ~ 



Thus the total weight carried in going down the line u 



Weight of the ooIb . . 
Weight of the waggon . 



Total wt dranm ta 



le mile deacending 10,0) 



We have seen that the draft of one ton to the distance of one 
mile, in going down the line, is equal to the draft of the same load 
to the distance of half-a-mile on a level. The above-mentioned 
tonnage refered to a level, represents consequently 



5,04.1,803 gross 




s carried t 



of a mile. 



In order to estimate the draft in going up, we may retain or 
not the division of the line in two parts, the result is the same ; 
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but the sunpteet nj u to m&ke use of the average inclination 
at gr^Q. The calcoladon we have to make r^anling onljr the 
amxndmg line, nbich ccmtaine no descending plane, and, aforttari, 
no de»»nding plane nf a greater inclination tlian ^^, the divi- 
•ion establUbed above i± no longer necessary. 

Considering, then, that the ascending trains are composed of 
3^ empty waggun-s weighing together 51.2t.: tliat, besides, qd 
tbe inclined planes, the gravity uf the engine and its tendetv 
ofiere an additional reai:<iauce which would not take place on a 
level; finally, that the weight of the engine is 10 to 11 t^ 
and that of the two tenders, half empt)-, 4.^ I- ; which makes 
in all, on the inclined plane^ a mass of 46.2 1., to be moved ; 
it will l»e ^en that the total resistance opposed fay the steam. 



Fric^oD of the waggons, 31. i 
Gnrit; of the man 46.8 1. a 



at S Ibc. per ton . . . . 3i<t.6\ha. 
u inclined piaDe bI ^ . . 363 



This, being the resistance that results from a train composed 
nf 31 -'2 1., mokes per ton, 1 9<60 Ibs^ or, in round numbers, 20 lbs. 
As we know, on the other hand, that on a level one Ion requires 
only SIbs. traction, we see that the neceasary force is here twice 
and a-half as great : or, in other words, we see that the draft of 
one ton to a distance nf one mile, going up that line, is equal to 
tLat of the same load to 2.5 miles on a ba:d. 

This granted, we have found that the haulage of the waggons 
is equal to 3,3l*',656tons cunveyed to the diatajice of one mile 
in going up. Refering this to a level, it will be represented by 
tlie s.ime number multiplied by 2.5, that is to say it will be 

9,'lO(ifi\0 gr. t. carried to a distance uf one mile on a level. 



From which follows, finally, that the total uoi'k executed by 
t\u'.te. enginc.t and rrfi^rred to a level, is 



EXPENSE FOR REPAIRS OF ENGINES. 341 

Draft in going down, in gross tons carried to a distance 

of one mile on a level 5,041,803 t. 

Draft in going up, measured in the same way .... 8,296,640 



Sum .... 13,338,443 t. 

The number of tons of coals which produced this draft being, 
as we have seen, 6,764,951 1, we find that, on account of the 
weight of the necessary waggons and the difficulty of the draft 
in going up, the haulage of those six millions and a-half of goods 
produced really a draft equal to thirteen millions of tons on a 
level ; that is to say, to be more accurate, that in comparing 
these two numbers, we see that the real work executed by the 
engines may be deduced from the weight of the goods by mul- 
tiplying the latter number by 1.9718. 

This first point established, we may now come to the amount 
of the expenses of repairs. 

After having for a long while kept and repaired their 
engines themselves, the Directors of the Darlington Company 
decided, in order to avoid minute accounts, to enter into a 
contract for that; and, in consequence, in 1833, they put their 
engines in the hands of three persons. 

By the contract entered into, and which is at present in force, 
the company pays -^ of a penny per ton of goods^ carried to a 
distance of one mile ; and, for that price, the contractors have 
undertaken, not only to keep the engines in good repair, fur- 
nishing workmen and materials, but also to pay all the current 
expenses of haulage, such as salary of the engine men, fuel, oil, 
grease, &c. Besides this, they must also pay the company an 
interest of five per cent on the capital representing the value of 
the engines, and of all the establishments placed at their disposal 
for working. 

The total sum paid to the contractors by the company for 
that object during the year ending June 30, 1834, was 

£11,347 1*. 9d. 
And deducting the expenses for rent, interest of capital and 
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§ 2. Expense for Ma'nitmaiwe of Way. 

The expenses for keepiug the Liverpool Railway iti repair, 
during the year we are couaidering, are given in tlie reports that 
will be fuutid below. From the sums put down must be deduc- 
ted the articles ballast and new rails, the first being caused by 
the recent construction of the road, that is to say, by the gradual 
sinking of tlie embankments, which are not completely compact, 
and the second being an extraordinary replacing of the rails on 
a part of the line. 

Putting, therefore., those two articles aside, the expenses for re- 
pairing the railway, during tlie year ending on the 1st of June, 
1834., were 



±'11,033 2s. 6d. 

T)uring the same time, the loads that passed on the railway 
drawn either by the company's etigines, or by engines belonging 
to other companies, were 

Goods on the Hholc rood 13n,32et. 

. on the bair of the road 24,934 t., making on 

the whole line 12.467 

bcCneen Bolton and Mancheeter or Liver- 
pool 38,34 1 L , or on the whole road ■ - • 19,170 
Coali on the half of the line 86,173, or on the 

whole 43.oaS 

al4,05l I. 

Cotresponding waggons (-^ of the weight of the goods) - ■ 188,431 

Waggons brought back empty (J of the whole) 32,108 

Carriages, and paascngers' luggage, aa ahovp 140.662 



Thus 515,252 gr. t, passed on each mile of the railway, 
including the weight of the engines and their tender. 

TTie expenses for the 30 miles, length of tlie railway, ha 
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amounted to £l 1,053 2s. 6d.,or to £368 8s. Id. per mile, the ex- 
pense per mile for each ton carried was 

0.171cf. 

In this calculation we have only taken the useful length of the 
railway ; that is to say, that we have omitted the sidings, &C., 
they being only the necessary complement of the principal line. 



On the Darlington line, during the same year, the expenses 
for repairs on the 24? miles, run over by the locomotive engines, 
were 

Workmen £4,263 

Materials 2,060 

£6,313 » 

The weight that passed during the same time, on that part of 
the railway, was : 

1 The total expense for repairs of the line during the year we are con* 
sidering were 

For the 24 miles run over by the 
Workmen .... J - locomotive engines . . £4,253 



• • • • 



For the 16 miles worked by horses 
or stationary engines . . 1,067 5 

f Space run over by the locomotive 

Materials for repair, ] p^"^-^ .^ ^^^ „^ ^^^^_ ^.060 

(^ ary engines .... 516 3 8 

Repairs to bridges 69 17 7 

Repairs to walls and fences 280 7 11 

Accidental expenses 467 3 7 

Total expenses . £8,715 17 9 

N.B. The distinction between the expenses relating to the spaces run over 
by locomotive engines and by horses, could only be made by approximation ; 
as the company does not keep separate accounts in that respect. 



Corresponding waggons ( — of Ibe weight of the 

goods) i 139,3 

Waggons going up the line (same weight) > • • ■ 138,9 



The expeDSCB tor tlic whole of these 2i miles amou) 
£6313, we have for each mile £263 Ob. lOd. Thus the i 
for maintenance of way, per mile, and fur each gross t 
veyed on the road, were 

We have here also, as well as above, left out the ci 
sidings, &c. 

This amount would undoubtedly be diimniithed if tl 
lington waggons were on springs, like those of the L 
It ail way. 

These expenses, as we have seen, amount only to tl 
thirds of those of the Liverpool Railway for the same obje 
difference is owing to the rapid motion of the engines and c 
that pass on the latter railway. But it is chiefly in the 
for repairs of engines that this effect of velocity is felt. 

It must not, however, be supposed that the consider! 
ference observed in that respect, between the engines of 
companies, is exclusively owing to the velocity of the 
That velocity enters, indeed, for a great part in it, but 1 
ditions attending each sort of business have a no less i 
rable influence on it. What we mean is, that passengers : 
the chief business on the Liverpool line, tlieir safety i 
that a much greater care be lakeii of the engines than w 

' Besides this weight, there passes on [he line u small number 
coaches, which for the last few months have boon drawn by locomotive 
But this haulage being inconsiderable, we did not nisb to emba 
ral dilation with il. 
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load ia composed ouly of coals, as on the Darlington Railway. 
The consequence m, that the Liverpool engines are kept with a 
degree of care, we might even say of luxury, to which the Dar- 
lington ones can by no meaits be compared. In order to explain 
completely our idea, we shall say that the business of tiie Dar- 
lingtou Railway is a business of waggonagc, and that of the 
Liverpool Railway a business of stage coaches. 

The dabi laid down above most therefore be taken each in 
their speciality, tliat is to say, the one as suitable to a slow motion, 
with engines of a cert^ construction and intended for the draft 
of goods, and the other to a rapid motion with engines of a dif- 
ferent construction, and intended for the draft of passengers. 

Before we close this article, we must remark tliat the repairs of 
the railway consist principally in replacing the blocks, chairs, 
keys, and pins. The rails themselves, being in malleable iron, 
^seldom break. As for their gradual decrease of weight, by wear, 
this is a very inconsiderable effect. 

On May lOth, 1831, on the Liverpool line, a malleable iron 
rail, 1,5 feet long, carefully cleaned, weighed 177 lbs. lO^oz. On 
February 10th, 1833, the same rail, taken up by Mr. J, Locke, 
then resident engineer on the line, and well cleanetl as before, 
weighed 176 lbs. 8oz. It had conseijueutly lost is 21 nioulha a 
weight of 18^02. The number of gross tons that, had passed 
on the rail during that time was estimated at 600,00a Thus we 
see that with so considerable a tonnage, and with the velocity of 
the motion on that railway, the annual loss of the rail was only 
j^5 of its primitive weight. So that it would require more than 
a hundred years to reduce it to the half of its present strength. 

§ .-J. Expanse of Fuel. 



In regard to fuel, we have already, in Chapter IX. of this 
work, related experiments from which may be deduced the con- 
sumption of fuel according to the load the engines have lo draw. 

However, as in the intervals of the trips the fire must be kept 
up, and as, besides, there are always unavoidable losses during 
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working, aii increase of expense in that rtispect must naturally be 
expected in practice. Tliia we also learn in a positive manner 
by the exaniiDation of facta. 

According to the half-yearly reports of the Liverpool Rail- 
way Company, for the year ending June 30, 1834, the expense 
for fuel for the locomotive engines was 



£6,079 15i 



The number of trips performed was 1 1,656 ; consequently the 
expense for fuel for each journey amounted to 10.+S2s^ and as 
the average price of coke employed during that year on the rail- 
way was '23.d3-, the consumption of iuel, measured in weight, 
amounted to 994.37 lbs. per trip. 

We have seen (Appeiidix, § 1.) that tlie total number of gross 
tons conveyed by the locomotive engines of the company from* 
one end of the railway to the oUicr, in the same number of 
jounieys was 



373,776 1. 



The average load of the engines was consequently about 32 tons. 

A load of 32 tons, not including the tender, has consequently 
required, by the fact, a consumption of coke of 994 lbs. So, 
constdering that the load has been really carried to a distance 
of 34^ miles, this makes 0.90 lbs. per gross ton drawn to a dis- 
tance of one mile on a level. Our special Experiments (Chap. 
IX. §2.) only give an average consumption of 784 lbs. of coke 
for a. load of 32 t. By this it will be seen that, in practice, 
and with the nature of the business on that line, the different 
losses amount to oiie-fourth of the expense of the active work. 

This increase is owing not only to th es rj pe ( 

lighting the fire everj- morning, but al t th e 

that line, of keeping, fur the passage of th L d pi 
ing engines, the fire of which must rem 1 1 1 I 
although they only serve at distant inte 1 Ji d 
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delays between one journey and another. These circumstances, 
that of the helping engines alone excepted, are inevitable in a 
business of the nature of that of Liverpool. 



On the Darlington Railway the same causes of loss do not 
exist, at least not to the same degree. 

According to the notes, carefully kept by the directors of that 
company to serve as a foundation to the contracts they sign, the 
quantity of coals consumed on an average, during one journey of 
an engine, that is to say, to convey 24 waggons to a distance of 
20 miles down hill, and bring them back again empty to the same 
distance up hill, costs the enginemen 4s. 9|d., when the coals 
are at 5s. per ton. So the weight of coals consumed is 2157 lbs. 

The useful load drawn by the engine is composed of 63.60 1. 
of coals in going down, and there is no useful load at all in going 
lip; making an average of 31.80 tons of goods drawn to a dis- 
tance of 40 miles in all. 

This weight, from what we have seen (Appendix, § 1.), cor- 
responds with a gfross weight, drawn on a level to the same dis- 
tance, of 

31.80 1. X 1.9717 = 62.70 1. ; 

the consumption of coals per gross ton carried to a distance of 
one mile on a level is, consequently, 0.86 lb. 

This is nearly the same consumption as on the Liverpool Rail- 
way, especially if we consider that a ton of coals of a good qua- 
lity, produces a little more evaporation than the same weight of 
good coke.^ 

This result may appear surprising, the boilers of the Darling- 
ton engines being generally constructed on a less economical 
principle, as to the application of heat, than the Liverpool ones ; 

^ The proportion of the quantity of coke prepared in a closed vessel, and of 
Newcastle coals, necessary to transform the same quantity of water into steam 
at the same pressure, is nearly as 14 to lt3. 
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but constd(?ring the way of working on each line, this circuin- 
stance will easily be accounted for. On the Darlington Railway 
the engines never go off but with a full load ; that is to say, that 
they draw, as we Lave mentioned, an average weight of 62-7 1. 
per trip, and we know that this circumstanee ia favourable to the 
conaumptioa of fuel. If these engines were to draw only an 
average load of 32 1., like the Liverpool ones, their compa- 
rative consumption would certainly be greater. To this must 
I also be added that, on the Darlington Railway, the engines un- 
L dergo no delay between their journeys, and that the invariability 
I ia the load and in the speed mokes it unnecessary to give them 
f more evaporating poNver than is strictly wanted for their motion. 
r The consequence is tliat one never sees at the valve that enor- 
mous blowing which takes away from the Liverpool locomotive 
engines a fourth part of their produce. 

It is to these combined circumstances that the practical result 
appearing in thiij case, must be attributed. 

§ 4. Total Expense of Haulage, 

The remaining expenses of the haulage require, on our part, 
no separate discussion. The particulars will be found in the fol- 
lowing statements relating to the Liverpool Company. But their 
aggregate amount acquaints us with the total expense of haulage 
by means of locomotive engines, and this is a point which re- 
quires some consideration as well as the former ones. 

According to the statements concerning the year in question, 
we see that the total expenses of the Liverpool Company 
amounted to the following sums : 



in hBlf-year • 
and hnlf-fear . 



£ 116,«a 17 8 

r piiqjose being to know the expenses relating to the 



TOTAL EXPENSE OF HAULAGE. 



use of the locomotive engines taken separately, in order to com- 
pare the amount with the total haulage they executed, we must 
deduct from that Bum the following articles : 



. Interest on loans ■ 



■ litbair.^eBr a,UO 6 i 



2nd. SMtion»ry engine nnd 



;jrd. Newraila.thiabeingai 



4th. Froi 



the. 



2nd half-year 
lunnel disburacmenM lat l>alf-jear 

2iid half-jear 
ixtraordinar;; expense Isl half-yoar 

2nd hBir.year 



eluded, must lie dedacted -f^ for expenses concerning the 
tunnels, dmt lire DOt worked lij the locomoliTe engines and 
the lengti] of which is 1^ mile oa the 31 miles of the 

whole line Ist half-year 637 10 

Snd half-year SIS H 
5tb. On the rest of the expense for maintenance of way must 
also be deducted ^, being eipenses occasioned by the pas- 
sage, with their trains, of locomotive engines not belonging 
to the eompany. The haulage vifccted by the CDgines of 
the company being 3T3,T 76 tuns, carried on the whole line. 
We have seen (Appendix, § 2) that the work of the en- 
gines not hclongiog to the company, raises the tonnage to 
SI5,2AS tans ; consequently the work of the latter engines 
is l41,4!6tona, or f of tJie hanlag* of the company's en- 
gines. This article roakea Ist halt-year 2^SS 18 

2nd half-year 2,331 

Total sum to be deducted ^£22,022 P 

Remains tor e^ipenses concerning the work of the com- 
■ pany's locomotive engines 94,420 B 

The haulage executed by the sctme engines being 

12,89.5,272 gross tons carried to a distance of one mile, 

the consequence is that, on the Liverpool Railway, at an average 
velocity of 16.73 miles per hour, the total expense of haulage 
by locomotive engines amounts to 

1 .7.1 d. per gross ton carried to a distntiee of one mile on a level. 
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December 31, 1830 £2 

June 30, 1831 4 10 

December 31, 1831 ... 4 17 8 

June 30, 1832 4 48 

December 31, 1832 • 4 80 

June 30, 1833 4 7 6 

December 31, 1833 (besides a reserved fund of 

4,088 8s. lOd.) 4 15 3 

June 30, 1834 • • • 4 15 2 



Total Sum from Sep. 16, 1830, to June 30, 1834, that 

is to say, in three years, nine months and a-half ^33 18 3 

This sum makes 9 per cent, a-year, besides the reserved fund 
laid aside by the company, and notwithstanding the extraordi- 
nary expenses inevitable at the beginning of an undertaking, which 
being the first of its kind, was necessarily obliged to pay dearly 
for its own experience, whilst future railways will profit by that 
acquired by their predecessors. 

Besides this high interest for the capital invested, we repeat 
that the shares of this railway, from the original price of £100 
sterling, have risen, and sell at present, after four years establish- 
ment only, at £210; and that those of the Darlington Railroad, 
which boasts only nine years existence, give 8 per cent, interest, 
and have risen in that short interval from £ 100 to £300, which 
is their present price. 

This plain recital of facts speaks volumes. It is, therefore, 
unnecessary for us to add any reflections. 

We shall be happy if the elucidations we have already given 
and those we intend to subjoin be of use to persons who may feel 
inclined to engage in] these speculations, which, in regard to ex- 
penses, cannot fail to be as advantageous to their private for- 
tune as to the prosperity of the country at large. 

We shall conclude this Appendix by giving the specified state- 
ments of the receipts and expenditure of the Liverpool Com- 
pany, from its origin to the present moment. 
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EXTRACTS 



FROM THE 



REPORTS OF THE DIRECTORS OF THE LIVERPOOL 

AND MANCHESTER RAILWAY, 



FROM THE 



Opening of the Railway ^ on the \^th September , to the 

90th June, 1834. 



STATEMENT of EXPENDITURE on CAPITAL ACCOUNT. 

Amount of expenditure on the construction of the way 
and the works, from the commencement of the un- 
dertaking to 31st December, 1833 £1,0^.818 17 7 



ANNUAL OR WORKING ACCOUNT. 

FROM 16th SEPTEMBER TO 31 ST DECEMBER, 1830. 

Nett profits o£ the Oompa»y ^14,432 19 5 

Dividend per share of ^100 2 

HALF-TCAA ENDING SOTH JUNE, 1831. 

Nett profits of the Company £30,314 9 10 

Dividendjper share of £100 4 10 

HALF-YEAR ENDING 31 ST DECEMBER, 1831. 

Tons. 
Merchandise between Liverpool & Manchester 52,224 

Road traffic 2^7 

Between Liverpool and the Bolton junction... li^7 
Coal from Huyton, Eltonhead, and Haydock 

collieries brought by the Company's engines 7,198 
Coal from Hulton brought by the Bohon engs. 1,198 

A A 2 
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Niimlier iif passengers booked at the 

Cumpoiiv's offices -250,321 

Number of trips of 30 miles Jicl^ 
formed bytlie locomotive engines 

with passengers ....^ 2,944 

Do. with goods 2,296 

Do. widi coals 150 

Jteceipls. 

Coach department ^58,348 10 

General merchandise 80,764 17 8 

Coal department COS 14 4 

£ 

Office establishment .£902 3 10 

Coal disbursements GO 15 5 

Petty ditto HO 5 

Cart ditto 60 17 8 

Maintenance of way 6,599 12 6 

aiargefbr direction 297 19 

Coach office establishment 589 5 9 

Locomotive power 12,203 5 

Advertising 59 3 4 

Interest 2,737 7 3 

Bent 900 5 3 

Compensation (coaching department) 156 7 5 

Engineering department 623 

Carrying disbursements 10,450 12 3 

Taxea and rates 2,763 5 1 

Stationary engine disbursements 260 4 7 

Coach disbursements - G,709 7 II 

Waggon ditto 979 19 8 

Compensation {carrying department) 786 8 2 

Police establi^ment 1,490 14 1 

Law disbuisements • 98 9 10 

Bad debts 175 13 6 



Nett profit from 1st July to 31st Dec. IB3I 

Dividend per share of £100 

Nett profit on Sunday travelling per share 
jEIOO 

HALF-YEAR ENDINO 30TK .1UNE, 1832. 
Tom. 

Merchandise between Liverpool & Mondiester 54,174 
Traffic to and from different parts of the road 3,707 
Between Liverpool and the Bolton junction... 14,720 
Conis from different parts of tlie road brought 

by the Company's engines 22,045 

Coals brought by the Bolton engines 7,41 1 
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Number of passengers booked at the 
Company's offices 174,122 

Number of trips of 30 miles per- 
formed by locomotive engines 
with passengers 2,636 

Ditto with merchandise 2,248 

Ditto with coals 234 

Receipts. 

Coaching department ^40,044 14 7 

General merchandise department 32,477 14 

Coal ditto 2,184 7 6 



£74,706 16 1 



Expenses, 



Bad debt account 

'' Guards' and 



£394 5 7 



Coach 
disbursemts. < 



porters' wages, 

J£1104 4 6 Parcel carts and 

drivers' wages, JE254 10 5 

Omnibuses and duty, £1082 
7. — Repairs and materials, 
£1777 9 4 — Gas, oil, :tallow, 
&c. £228 14 6.— Stationery 
and sundry disbursements, 
£441 17 



4888 11 



Carrying 
disbursemts. 



Salaries, £1749 5 10— Porters' 

wages, £3862 8 Brakes- 

mens' wages, £461 6 9 Oil, 

tallow, cordage, &c. £461 12 
6 — Carting, £808 16 5— Re- 
pairs to jiggers, trucks, &c. 
£163 14 11.— Stationery and | 
sundry expenses, £503 10 8. J 

Coal ditto 

Cartage (Manchester) 

Charge for direction 

Compensation (coaching) 

Compensation (carrying) 

Coach office establishment (salaries, 
£573 13 1.— Rent and taxes, £106 
10 0.) 

Engineering department 

Interest 

Locomotive 
power 

Maintenance of way (wages, £3929 8 
— Blocks, sleepers, chairs, &c. £2668 
12 3.— Ballast, £733 3 

Office establishment (salaries, £652 8 6. 
— Rent and taxes, £77 9 2. — Sta- 
tionery, &c. £81 10 5) 

Police and gatekeepers 

Petty disbursements 

Rent 



8010 6 9 



26 


8 


10 


1420 


4 


9 


308 


14 





101 


10 


9 


288 


10 


3 


680 


3 


1 


520 


9 





5966 


14 


11 




10,582 16 2 



78331 6 



811 


8 


I 


1356 


9 


11 


75 


1 





1840 


1 


10 



Stutioiiaiy engine uiid tuDtiel disbtiiHv 

miiDta. new tunDcl rope, £330 10 

e.— CoaJ, £265 7 0.— Wages, i290 

9 9. — Repairs, oil, lallow, liemp, 

ic. £163 8 9 £1051 16 2 

Taxes and Bates 1I09 U 9 

47,770 15 5 

Deduct crediu 1,112 -t I 

£4«;,658 1 

Nett profila for six months ^£38,048 

Dividend per share of £100 4 

Nett profit on Sunday travelling per share of 
f 100 

UALr-VEAH ENDIMO 31ST OECCHaEB, 1832. 
Tom. 
Merchandise between Liverpool& Manclieater 61,995 
DilU) to different parts of the road, in- 
cluding the Warrington and 

Wigan trade 6,011 

Ditto between Liverpool and Bolton 18|t!36 

Coals from various parts of tlie Toad to Liver- 
pool or Manchester 39,940 

Number of passengers booked in the 

Company's offices 182,823 

Number of trips of 30 miles per- 
formed by the locomotive engines 
with passengers 3,363 



Do. with goods . 
Do. with CI 



-211 



Receipts. 

Coaching department £43,120 6 11 

General merchandise 34,977 12 7 

Coal department 2,804 3 4 



- £80,902 2 10 
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Ciirr3'ing dis- 



Coal ditto... 

Carioge (Manchester) 2744 1 

Cborgefor direction 395 

Compensation (coaching) HOQ 1 

Ditto (carrying) 130 1 

Coach office establishment (Salaries 
.£5563 10.— Rent&tasea,f75 152) 631 1 

Engineering department -. 450 

Interest — 4555 1 

r Fuiri sod wuering. £aM» I r - 

8.— OU, unow. hemp, tc 

Locomotive ^' ' n'.T^'^'f!"^ '« ". 

J pairs, iSSra 9 T.— Men 
power. I waga,, rciHirillg, iSSM 1> 

Law disbursements 

Maintenance of WBy(wages,.£3675 16 5 
— Block, sleepers, chaira, &c.£2355 
17 1.— Ballast, &c.i846 10 9) ... 

Petty disbursements 

Rent 

Stationary engine and tunnel disburse- 
ments, (Coal, £209 15- 3.— Engifte 
and brakemen's wages, .£316 7 5. — 
Repairs, gas,oil, tallow, &c.i:326 14 7) 

Taxes and rates 

„, r Smiths' and joinBrs' wagei. ) 

Waggon j£M3 0^*--lK)n._t.ljiiber, Sc. t 



Office f 



tc, Cor a] 



esUblisbtaent (Salaries, £623 
18 0— Bent, jESS 0.— Stationery. 

.€18 9 0) 

Police ditto 



- £4B,278 8 10 



Nett profit forsii mouths £S-2fi-23 I 

Dividend per share of £100 4 

Nett profit on Sunday truvelling per sliare of 
£100 (J 

HALF-TEAB ENDING 30TH JUNE, 1633. 

Tons. 

Merchandise between Liverpool and Man- 
chester 68,284 

Ditto To difierent parts of the line, 

including Warrington and 

Wigan 8,712 

Ditto Between Liverpool, Man- 
chester and Bolton 19,461 

Coals from various parts, to Liverpool and 

Manchester 41,375 



Toial number of posaeugers 

booked is tlie Cc>.'s offices 171,421 

No. or trips of 30 miles per- 
formed bj tlie locomotive 

engineswith passengers... 3,262 

Ditto with mercliiuidise -2,344 

Receipli. 

Coaching department .£44,130 17 2 

Merchandiae ditto 33,iiOI 17 3 

Coal ditto 2,(i38 15 D 

Advertising account £50 8 7 

Bad debt account 176 18 6 



Carrjing I ° 



Coal disbiirs* . . _ 

Cartage (Manchester) 2460 1 

Charge for direction 252 

Compensation (coaching) 38 

Compensation (carrying) 1033 |. 

Coacn office ealablishmert (Agents' and 
clerks' salaries, .£577 19 6,— Rent and 

tHKes,;£102 17 1) (iSO 

Engineering d^artnient 441 1 

Interest 5,307 1 
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Maintenance of way (wages, £3648 18 5. 
— Blocks, sleepers, chairs, &c. £2052 
5 11.— Ballast and draining, £1013 
4 11) 6,714 9 3 

Office establishment (Salaries, £624 19 
— Rent and taxes, £62 18 6. — Station- 
ery, &c. £56 19 5) 744 

Police 950 

Petty disbursements 70 

Rent 601 

Repairs to walls and fences 296 

Stationary engine and tunnel disburse- 
ments (Coal, £155 8 1. — Engine and 
brakesmen's wages, £363 8 10. — Re- 
pairs, gas, oil, tallow, &c. £340 15 11) 859 

Tax and fate 1,891 

Waggon disbursements, (Smiths' and join- 
ers' wages, £598 3 1. — Iron, timber, 
&c. £320 1 4. — Cordage, paint, &c. for 
sheets, £82 7 3) 1,000 

Cartage (Liverpool) 18 



16 


11 


4 


7 








15 


8 


4 




12 


10 





7 


11 


8 


4 


6 



£52,900 9 1 



Nett profit for six months £33,171 1 1 

Dividend per share of £100 4 4 

Nett profit on Sunday travelling per share of 

£100 3 6 



HALF-YEAR ENDING 31 ST DECEMBER, 1833. 

Tons, 
Merchandise between Liverpool and Man- 
chester 69,806 

Ditto To and from different parts of 

the line, including Warrington 

and Wigan 9,733 

Ditto Between Liverpool, Manches- 
ter and Bolton 18,708 

Coal from various parts to Liverpool and 

Manchester 40,134 

Total number of passengers 

booked at the Co.'s offices 215,071 
Number of trips of 30 miles 
performed by the locomo- 
tive engines with passen- 
gers 3,253 

Do. with merchandise 2,587 

Receipts. 

Coaching department £54,685 6 11 

Merchandise ditto \ 39,957 16 8 

Coal ditto 2,591 6 6 

97,234 10 1 






pctlj apauat. X429 ft 



Coal disbursements .., 

Cartage (Manchester) 

Cliarge for direction 

Compensation fcoadling) 

Compensation (carrying) 

Coadi office establishment (Agen 

and clerks' salaries, <£BOQ Q B. 

Rent, £30) 

Engineering department 



-Wvff, I 



Locomo- I 



13,9(J5 8 1 



. rWigMioplUH-li^en 

Mainte- &c. £2»37 19 a. 

rtani-o ntJ blocks, alcopera, ken 

"^™ ">"^ &c. .£Mli a 4,-B 

Way. and dminiag, £ass i 

Lnf- rails, flSO 16 

Office establishment "(Salaries, £607 
2 — lUnt and taxes, £75 14 3.- 
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Petty disbursements 61 19 6 

Rent 603 10 8 

Repairs to walls and fences 665 3 4 

Stationary engine and tunnel dis- 
bursements, 7 Coal, ^302 6 5.— En- 
gine and brakesmen's wages, ^£319 
1 1 2. — Repairs, gas, oil, tallow, &c. 
£i\9 15 5. — New rope for tunnel, 
je266 3 6) 1,307 16 6 

Tax and rate 3,409 11 

r Smiths* and joiners* wages, ") 
-Wo^^^^ \ ^718 19 7 — Iron, timber / 
Waggon J castings, &c. £700 9 1.— J. 1,611 3 

disbmts. ) Cordage, paint, &c. £38 6 3 1 

^ —Canvass for sheets, £163 6 5 J 

Cartage (Liverpool) 80 17 10 

Law disbursement 300 3 9 



^56,350 1 9 



Nett profit for six months £40,884 8 4 

Dividend per share of £100 4 10 

Nett profit on Sunday travelling per share of 

£100 5 8 

Reserved fund formed in the six months 4088 8 10 



HALF-YEAR ENDING 30tH JUNE, 1834. 

Tons. 
Merchandise between Liverpool and Man- 
chester 69,522 

To and from different parts of the road, in- 
cluding Warrington and Wigan 15,201 

Between Liverpool, Manchester and Bolton 19,633 

Coal to Liverpool and Manchester 46,039 

Number of passengers booked at 

the Company's offices 200,676 

Number ot trips of 30 miles per- 
formed by the locomotive en- 
gines with passengers 3,317 

Ditto with merchandise 2,499 



Meceipts. 

Coaching department £50,770 16 11 

Merchandise ditto 41,087 19 5 

Coal ditto 2,925 15 11 

£94,784 12 

Expenses. 

Advertising account £16 15 

Bad debt ditto 75 12 3 
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Id parun' w«gn. 






£i;m 1 



iriitki, staUoDB. ftcr 
npcuM. ;£39a 3 3, 



Coal disbiiraemciiU 45 I 

Cartage (Manchtaler) 2,986 6 

Charge for direction 289 16 

Comppnsotiou (coaching) 20 3 J 

Compeosation (carryiog) (j4a U 

Coach office establishment (Agents' 
and cleika' salariea, £615 1 11 — 

Rent and taxes £63 I 1 678 3 

Engineering department 852 10 

Interest 5,5m 4 



Locomo- 



Law disbursements .. 

,W«BPji and I 

Mainte- 



15^41 17 10 



m 



"Wav."'' """ """ 

L Bnllul and leading, i 

Office establishment (salaries, ,£816 

14 4.— Rent and tasea, £58 8 0) 

Petty disbursements 

Rent 

Stationary engine and tunnel dis- 
bui^ements. (Coal. £327 12 I.— 
Engine and brakesmen's wages, 
£385 7 0.—R<;pnirs, gas, dl, tallow. 
&c.£273 11 1) 




RECEIPTS AND EXPENSES. 365 

Tax and rate 1,778 16 10 

r Smiths* and joiners' wages, "1 
Waffffon \ ^773 3 8.— Iron, timber, &c. / 
..f^" j£728 12 4.-Ckirdage, paint V 1,851 15 2 

dlSDintS. y &c. £109 19 2— Canvass for V 

(^ sheets, £240 J 

Repairs to walls and fences 644 11 

Cartage (Liverpool) 80 17 6 

£60,092 15 11 



Nett profit for six months £84,691 16 4 

Dividend per share of £100 4 10 

Nett profit on Sunday travelling per share 

of £100 5 2 



THE END. 
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